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. • ^is application was made with 
The invention described m th BP ^ and 

support under Grants «os Al ' Health , 0 . 8 . 

A13 B573 fro. the "*^J™^ ic& . Ac cordin g ly, the 
Department of Health and ^« " rlght . in this 

United States Government has 
invention. 

.-on various references are referred 
Throughout this aPP^ cat ^ ' parenthe sis . Disclosures of 
to by arabic numerals w.th.n p ^.^.^ are hereby 
, these publications in application to more 

incorporated by reference xnto^ ^ ^ ^ invention 
fully describe the state of ^ theee reference8 
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strains are insensitive (2 > • ^ ^ lymphoid and 
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m onocyte lineage (4-8) ked supe rfamily, one of 

membrane-spanning, ^ has been identified as the 

3 0 which (the LE STK orphan rcept ^ 

second receptor for ^ ^ ^ to be . 

'designated fusxn (9). 
B-chemokine receptor (7-9)- 
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.gumma rv of the Invention 

This invention provides a polypeptide having a sequenc 
corresponding to the sequence of a portion of a chemokir 
receptor capable of inhibiting the fusion of HIV-1 to CD*, 
cells and thus infection of the cells. In an embodiment 
the chemokine receptor is C-C CKR-5. The CCKR-5 is als 
named as CCR5. In another embodiment, the polypeptic 
comprises amino acids having a sequence of at least on 
extracellular domain of C-C CKR-5. 



In a preferred embodiment, the portion of a chemokirj 
receptor comprises amino acid sequenc 

MDYQVSSPIYDINYYTSEPCQKINVKQIAAR (SEQ ID NO: 5) . In anothe 
preferred embodiment, the portion comprises amino aci 
15 sequence HYAAAQWDFGNTMCQ (SEQ ID NO : 6). In still anothe 

preferred embodiment, the portion comprises amino ad 
sequence RSQKEGLHYTCSSHFPYSQYQFWKNFQTLKIV (SEQ ID NO: 7) 
In a separate preferred embodiment, the portion comprise 
amino acid sequence QEFFGLNNCSSSNRLDQ (SEQ ID NO: 8). T* 
20 portion of the chemokine receptor C-C CKR-5 may comprise oi 
or more of the above sequences. The polypeptides nu 
contain part of the above illustrated sequences and still i 
capable of inhibiting HIV-1 infection. The minimal numb* 
of amino acids sufficient to inhibit HIV-1 infection may 1 
2 5 determined by the RET or infection assays as describ. 
below. 

This invention also provides a pharmaceutical composite 
comprising effective amount of one or more of the abo- 
30 polypeptides and a pharmaceutical^ acceptable carrier. 

This invention also provides a polypeptide having. a sequen 
corresponding to that of a portion of an HIV-1 glycoprote 
capable of specifically binding to the chemokine receptor 
35 C CKR-5. 
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This invention provides a pharmaceutical composition 
comprising effective amount of one of more polypeptides 
having a sequence corresponding to the sequence of a portion 
of an HIV-1 glycoprotein capable of specifically binding to 
the chemokine receptor C-C CKR-5 and a pharmaceutical^ 
acceptable carrier. 

This invention provides an antibody or a portion of an 
antibody capable of binding to a chemokine receptor on a 
CD4* cell and inhibiting HIV-1 infection of the cell. 



This invention also provides a pharmaceutical composition 
comprising an effective amount of an antibody capable of 
15 binding to a chemokine receptor on a CD4* cell and 
inhibiting HIV-1 infection of the cell and a 
pharmaceutical^ acceptable carrier. 



This invention provides a method of treating an HIV-1 
infected subject comprising administering to the subject the 
above polypeptides, antibody and pharmaceutical 
compos i t i ons . 

This invention provides a method of reducing the likelihood 
25 of a subject from becoming infected by HIV-1 comprising 
administering to the subject the above pharmaceutical 
compositions . 



This invention provides a method for inhibiting fusion of 
HIV-1 to CD4* cells which comprises contacting CD4 cells 
with a non- chemokine agent capable of binding to the 
chemokine receptor C-C CKR-5 in an. amount and under 
conditions such that fusion of HIV-1 to the CD4* cells is 
inhibited. 
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This invention provides a method for inhibiting HIV-1 
infection of CD4* cells which comprises contacting CD4* cells 
with a non-chemokine agent capable of binding to the 
chemokine receptor C-C CKR-5 in an amount and under 
conditions such that fusion of HIV-1 tc the CD4* cells is 
inhibited, thereby inhibiting HIV-1 infection of the cells. 

This invention provides a non-chemokine agent capable of 
binding to the chemokine receptor C-C CKR-5 and inhibiting 
HIV-1 infection. 



This invention provides a molecule capable of binding to the 
chemokine receptor C-C CKR-5 and inhibiting HIV-1 infection 
15 comprising a non-chemokine agent linked to a ligand capable 
of binding to a cell surface receptor of the CD4* cells 
other than the chemokine receptor such that the binding of 
the non-chemokine agent to the chemokine receptor does not 
prevent the binding of the ligand to the other receptor. 



This invention provides a pharmaceutical composition 
comprising an amount of the above molecules effective to 
inhibit fusion of HIV-1 to CD4 + cells and a pharmaceutical^ 
acceptable carrier. 



This invention also provides a molecule capable of binding 
to the chemokine receptor C-C CKR-5 and inhibiting fusion of 
HIV-1 to CD4* cells comprising a non-chemokine agent linked 
to a compound capable of increasing the in vivo half -life of 
3 0 the non-chemokine agent. 

This invention further provides a pharmaceutical composition 
comprising an amount of the molecule capable of binding to 
'the chemokine receptor C-C CKR-5 and inhibiting HIV-1 
3 5 infection comprising a non-chemokine agent linked to a 
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compound capable of increasing the in vivo half- life of the 
non-chemokine agent effective to inhibit fusion of HIV-1 to 
CD4* cells and a pharmaceutical^ acceptable carrier. 

This invention provides a method for reducing the likelihood 
of HIV-1 infection in a subject comprising administering the 
above pharmaceutical compositions to the subject. 

This invention provides a method for treating HIV-1. 
infection in a subject comprising administering the above 
pharmaceutical compositions to the subject. 



This invention provides a method for determining whether a 
non-chemokine agent is capable of inhibiting the fusion of 
15 HIV-1 to a CD4\ C-C CKR-^5 cell which comprises: (a) 
contacting a CD4\ C-C CKR-5* cell, which is labeled with a 
first dye, with a cell expressing an appropriate HIV-1 
envelope glycoprotein on its surface, which is labeled with 
a second dye, in the presence of excess of the agent under 
20 conditions permitting the fusion of the CD4* and C-C CKR-5* 
cell to the cell expressing the HIV-1 envelope glycoprotein 
on its surface in the absence of an agent known to inhibit 
fusion of HIV-1 to CD4\ C-C CKR-5 * cell, the first and 
second dyes being selected so as to allow resonance energy 
25 transfer between the dyes; (b) exposing the product of step 
(a) to conditions which would result in resonance energy 
transfer if fusion has occurred; and (c) determining whether 
there is resonance energy transfer, the absence or reduction 
of transfer indicating that the agent is capable of 
inhibiting fusion of HIV-1 to CD4* and C-C CKR-5* cells. 



This invention also provides a transgenic nonhutnan animal, 
which comprises an isolated DNA molecule encoding the 
. chemokine receptor C-C CKR-5. In an embodiment, this 
3 5 transgenic nonhuman animal further comprises an isolated DNA 
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molecule encoding a sufficient portion of the CD4 molecule 
to permit binding the HIV-1 envelope glycoprotein. 

This invention further provides a transgenic nonhuman animal 
5 which comprises an isolated DNA molecule encoding the 
chemokine receptor C-C CKR-5 and an isolated DNA molecule 
encoding fusin. In an embodiment, this transgenic nonhuman 
animal further comprises an isolated DNA molecule encoding 
the full-length or portion of the CD4 molecule sufficient 
10 for binding the HIV-1 envelope glycoprotein. 

This invention also provides transformed cells which 
comprise an isolated nucleic acid molecule encoding the 
chemokine receptor C-C CKR-5. 



15 



Finally, his invention provides an agent capable of 
inhibiting HIV-1 infection and capable of binding to a 
chemokine receptor without substantially affecting the said 
chemokine receptor's capability to bind to chemokines. 
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dp script ion of the Fi gures 

Figure 1 : Specificity, time course and st age of S-chemokine 
inhibition of HIV- t r-pnlicat ion 

(1A) PM1 cells (1 xlO 6 ) were preincubated with 
5 RANTES + MIP- la + MIP-lS (R/Ma/MS; lOOng/ml of 

each) for 24h (-24h) or 2h (-2h) , then washed 
twice with phosphate buffered saline (PBS) . HIV- 
1 (BaL env-complemented) virus (50ng of p24; see 
legend to Table 1) was added for 2h, then the 
10 cells were washed and incubated for 4 8h before 

measurement of luciferase activity in cell 
lysates as described previously (10,11) . 
Alternatively, virus and R/Ma/MS were added 
simultaneously to cells, and at the indicated 
time points (Ih, 3h, etc) the cells were washed 
twice in PBS, resuspended. in culture medium and 
incubated for 4 8h prior to luciferase assay. 
Time 0 represents the positive control, to which 
no S-chemokines were added. +2h represents the 
mixture of virus with cells for 2h prior to 
washing twice in PBS, addition of R/Ma/MS and 
continuation of the culture for a further 4 8h 
before luciferase assay. 
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(IB) PM1 cells (1x10*) were infected with HIV-1 
(500pg p24) grown in CEM cells (NL4/3; lanes 1-4) 
or macrophages (ADA; lanes 5-8), in the presence 
of 5 0 0ng/ml of RANTES (lanes 1 and 5) or MIP- IS 
(lanes 2 and 6) , or with no fi-chemokine (lanes 4 
and 8) . Lanes 3 and 7 are negative controls (no 
virus) . All viral stocks used for the PCR assay 
were treated with DNA.se for 30 min at 37°C, and 
tested for DNA contamination before use. After 
2h, the cells were washed and resuspended in 
medium containing the same S-chemokines for a 



further 8h. DNA was then extracted from infected 
cells using a DNA/RNA isolation kit (US 
Biochemicals) . First round nested PCR was 
performed with primers: U3+, 

5 ' - CAAGGCTACTTCCCTGATTGGCAGAACTACACACCAGG- 3 ' ( SEQ 
ID NO : 1) preGag, 5 ' - AGCAAGCCGAGTCCTGCGTCGAGAG - 3 ' 
(SEQ ID NO: 2) and the second round with primers: 
LTR-test, 5' -GGGACTTTCCGCTGGGGACTTTC 3 ' (SEQ ID NO 
: 3 ) LRC2 , 5 ' - CCTGTTCGGGCGCCACTGCTAGAGATTTTCCAC 3 ' 
(SEQ ID NO:4) in a Perkin Elmer 2400 cycler with 
the following amplification cycles: 94°C for 5 
min, 35 cycles of S4°C for 30s, 55°C for 30s, 72°C 
for 3 0s, 72°C for 7 min. M indicates Ikb DNA 
ladder; 1, 10, 100, 1000 indicate number of 
reference plasmid (pAD8) copies. The assay can 
detect 100 copies of reverse transcripts. 

HTV-1 env-medi ated membran e fusion of celU 

transiently ey pressjna C-C CKR-5 

Membrane fusion mediated by S-chemokine receptors 
expressed in HeLa cells was demonstrated as 
follows: Cells were transfected with control 
plasmid pcDNA3 . 1 or plasmid pcDNA3.1 -CKR 
constructs using lipofectin (Gibco BRL) . The 
pcDNA3.1 plasmid carries a T7-polymerase promoter 
and transient expression of S-chemokine receptors 
was boosted by infecting cells with IxlO 7 pfu of 
vaccinia encoding the T7-polymerase <vFT7.3) 4h 
post-lipofection (9) . Cells were then cultured 
overnight in R18 -containing media and were tested 
for their ability to fuse with HeLa-JR-FL cells 
(filled columns) or HeLa-ERU cells (hatched 
column) in the RET assay. The %RET with control 
HeLa cells was between 3% and 4% irrespective of 
the transfected plasmid. 
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Figure 3 : CD4 -dependent mmnptition bet ween opl20 and MlPr 
ifl for CCR-5 binding. 

(3A) JR-FL gpl20 (filled squares), LAI gpl20 
5 (filled triangles), JR-FL-AV3 gpl20 (open squares 

or LAI-AV3 gpl20 (open trangles) was added to 
activated CD4" T cells and the extent of specific 
1J5 I-MIP-10 binding determined. Data shown are the 
means of three independent experiments, each 
10 performed in duplicate. 

(3B) JR-FL gpl20 (2 ng ml" 1 ) and ias I-MIP-l/3 (0.1 
nM) were added to activated CD4* T cells in the 
presence of the monoclonal antibody Q4120 (filled 
circles) or sCD4 (filled squares) at the 
concentrations indicated. The extent of specific 
125 I-MIP-l/3 binding was determined, and the 
percentage inhibition of the gpl20 competitive 
effect was calculated for each antibody 
concentration (none present is 0% inhibition) . 
The experiment shown was one of two performed, 
each yielding similar results. 

Figure 4: Mni-ae»>nesi« nf the pT-PrHcted four extracellular 

25 domains of CCR5 

The amino acid sequences of the human CCR5 amino 
terminus (Nt) and three extracellular loops (ECL 
1-3) are indicated (19 , 20 of the Third Series of 
Experiments) . The polarity (+ or-) of charged 

30 residues is indicated below the main sequences, 

as are the identities of residues which differ in 
murine CCR5 . Human CCR5 residues with negatively 
(white squares) and positively charged side 
chains .(black squares), and residues whose charge 

35 differed in murine CCR5 (white circles) , were all 
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modified to alanine by PCR or site-directed 
mutagenesis. Fidelity was confirmed by sequencing 
both strands of the entire CCR5 coding region. In 
some cases, double mutants K171A/E172A, 
K191A/N192A and R274A/D276A were made, to 
preserve the overall net charge of their domain. 
The Nt double and triple mutants D2A/D11A and 
D2A/D11A/E18A were based on initial results with 
single residue mutants. 
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Figure 5: HTV-l co-receptor fun ction of CC&5 mutants 

Substitutions in (A) negatively charged residues; 
(B) positively charged residues; (C) selected 
murine residues differing from the human sequence 
15 were tested for their effects on HIV-l entry. 

U87MG-CD4 cells were transiently lipofected with 
CCR5 mutants, then, infected with NLluc/ADA (dark 
hatched bars), NLluc/JR-FL (light hatched bars) 
or NLluc/DH123 (white bars) lucif erase-expressing 
chimeric viruses (1,2 of the Third Series of 
Experiments). Lucif erase activity (luc c.p.s.) 
was measured 72h post-inf ection (1, 2) and 
standardized for lipofection efficiency and 
receptor expression levels. The co-receptor 
activity of each mutant designated on the x-axis 
is expressed as a percentage of the wild- type 
co-receptor activity (100%) , and is the mean 
±s.d. of three independent experiments each 
performed in quadruplicate. <*) indicates that 
the amino acid is also different in murine CCR5 . 
Similar results (not shown) were obtained with 
SCL-1-CD4 cells. 
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Figure 6: Membrane fusion activity of CCR5 flt mutants 

HeLa-CD4 cells were lipofected with the Nt 
mutants indicated (or the pcDNA3.1 negative 
control plasmid) , and tested 48h later for their 
ability to fuse with HeLa cells expressing the 
JR-FL env gene (black bars) (1,18 of the Third 
Series of Experiments) . The vFT7pol system was 
used to enhance co-receptor expression (hatched 
bars) (1,4,5,13 of the Third Series of 
Experiments) . The extent of cell -cell fusion was 
determined using the RET assay (1.1 8 of the Third 
Series of Experiments) . The % RET values shown 
are the means ±s.d. of three independent 
experiments, each performed in duplicate. 

Figur e 7: Pomnet itioP ' between rrpl 20 and CCR? MAb 2P7 for , 
ccp 5 binding 

KeLa cells co- transf ected with CD4 and either 
wild-type or mutant CCR5, and infected with 
vFT7pol to enhance receptor expression, were 
pre -incubated with or without 10/ig/ml gpl20 
(JR-FL) (7) before addition of 2ng/ml of the 
PE- labeled 2D7 MAb(23,24 of the Third Series of 
Experiments) and FACS analysis to determine mean 
fluorescence intensity (m.f.i.). Inhibition of 
2D7-PE binding is presented as [1- (m.f.i. with 
g P 120/m.f.i. without gpl20)3 x 100%, and is the 
mean +s.d. of three independent experiments. 

30 Figure 8. *"»nw cvtome ^r- a . a lvsi S of the binding of sCD4 7 

onl2 0 connlpvpfi to ^ rrRS' and (B)CCR < 5 Ll^ 

rplls. a murine pr-g-B lymphoma line 
Cells are incubated for 15 min. with equimolar 
(-100nM) mixtures of sCD4 and biotinylated HIV-Ijr. 

35 ' n gp i20 and then stained with a streptavidin- 
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phycoerythrin conjugate, fixed with 2% 
paraformaldehyde, and analyzed by FACS. Cell 
number is plotted on the y-axis. 

9 . Inhibition of bindi ng of HIV-l^.^ crpl20, 
complexed with sCD4 . to butvrate-treate d LI. 2 
CCR5 + cells 

The inhibitors were the CC chemokines MIP-l£ or 
R ANTES at the concentrations indicated on the x 
axis. 

Figire 10 Inhibition of ' HIV-1 envelope-mediated c ell fusion 
by the bicvclam JM3100 

The. inhibition was measured using the RET assay, 
with the cell combinations indicated. 
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r>Pi-ailed Description of the Invention 

This invention provides a polypeptide having a sequence 
corresponding to the sequence of a portion of a chemokine 
receptor capable of inhibiting the fusion of HIV-1 to CD4* 
cells and thus infection of the cell. In an embodiment, the 
chemokine receptor is C-C CKR-5 (CCR5) . In another 
embodiment, the fragment comprises at least one 
extracellular domain of the chemokine receptor C-C CKR-5. 
In a further embodiment, the extracellular domain is the 
second extracellular loop of CCR5 . 

In a separate embodiment, the chemokine receptor is CCR3 or 
CKR-2b(31,32) 

The sequence of a portion of the chemokine receptor includes 
the original amino acids or modified amino acids from the 
receptor, their derivatives and analogues. Such sequence 
should retain the ability to inhibit HIV-1 infection. 
Sequences of fusin are also included. 

in a preferred embodiment, the portion of a chemokine 
receptor comprises amino acid sequence 

MDYQVSSPIYDINYYTSEPCQKINVKQIAAR (SEQ ID NO: 5) . In another 
preferred embodiment, the portion comprises amino acid 
sequence KYAAAQWDFGNTMCQ (SEQ ID NO: 6). In still another 
preferred embodiment, the portion comprises amino acid 
sequence RSQKEGLHYTCSSHFPYSQYQFWKNFQTLKIV (SEQ ID NO: 7) . 
In a separate preferred embodiment, the portion comprises 
amino acid sequence QEFFGLNNCSSSNRLDQ (SEQ ID NO: 8). The 
portion of the chemokine receptor C-C CKR-5 may comprise one 
or more of the above sequences. The polypeptides may 
contain part of the above illustrated sequences and still be 
.capable of inhibiting HIV-1 infection. The minimal number 
of amino acids sufficient to inhibit HIV-1 infection may be 
determined by the RET or infection assays as described 
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The polypeptides described above may be fusion molecules 
such that the fragments are linked to other molecules . In 
5 an embodiment, the molecule is a CD4 -based molecule. CD4- 
based molecules are known in the art and described in 
Allaway et al . (1996), Patent Cooperation Treaty Application 
No. PCT/US95/08805, publication no. WO 96/02575, the content 
of which is incorporated by reference into this- application. 
10 In another embodiment, the polypeptide contains multiple 
units of one or more portions of a chemokine receptor. In 
a preferred embodiment, the polypeptide contains sequences 
corresponding to multiple units of one or more extracellular 
domains of the chemokine receptor C-C CKR-5. 

This invention also provides a pharmaceutical composition 
comprising effective amount of the above polypeptide and a 
pharmaceutically acceptable carrier. 

20 As used herein, the term "pharmaceutically acceptable 
carrier" encompasses any of the standard pharmaceutical 
carriers, such as a phosphate buffered saline solution, 
water, and emulsions, such as an oil/water or water/oil 
emulsion, and various types of wetting agents. 

25 

This invention also provides a polypeptide having a sequence 
corresponding to that of a portion of an HIV-1 envelope 
glycoprotein capable of specifically binding to the 
chemoreceptor C-C CKR-5. Such a sequence may be identified 

3 0 by routine experiments. For example, overlapping synthetic 
peptides representing fragments of gpl20 or gp41 can be 
tested in the RET assay for their ability to inhibit fusion 
. between cells expressing the envelope glycoprotein of HIV-1 
clinical isolates and cells expressing CD4 and C-C CKR-5. 

35 Peptides inhibiting fusion in this assay are also screened 
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in the RET assay for ability to inhibit fusion mediated by 
the envelope glycoprotein of HIV-1 laboratory- adapted- 
strains and peptides which are inhibitory in this later 
assay are discarded. As an alternative method, the peptides 
can be tested for their ability to compete with chemokines 
for binding to cell expressing C-C CKR-5. 

This invention provides a pharmaceutical composition 
comprising effective amount of the polypeptide comprising a 
fragment of HIV-1 glycoprotein capable of specifically 
binding to the chemokine receptor C-C CKR-5 and a 
pharmaceutical^ acceptable carrier. 

This invention provides an antibody or a portion of an 
antibody thereof capable of binding to a chemokine receptor 
on a CD4* cell and inhibiting HIV-1 infection of the cell. 

This invention also provides a pharmaceutical composition 
comprising effective amount of antibody capable of binding 
to a chemokine receptor and inhibiting HIV-1 infection and 
a pharmaceutical^ acceptable carrier. 

This invention provides a method of treating an HIV-1 
infected subject comprising administering to the subject the 
above pharmaceutical compositions. 

This invention provides a method of reducing the likelihood 
of a subject from becoming infected by HIV-1 comprising 
administering to the subject the above pharmaceutical 
compositions. 

This invention provides a method for inhibiting fusion of 
•HIV-1 to CD4* cells which comprises contacting CD4* cells 
with a non-chemokine agent capable of binding to the 
chemokine receptor C-C CKR-5 in an amount and under 
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conditions such that fusion of HIV-1 to the CD4' cells is 
inhibited. 

This invention provides a method for inhibiting HIV-l 
infection of CD4* cells which comprises contacting CD4~ cells 
with a non-chemokine agent capable, of binding to the 
chemokine receptor C-C CKR-5 in an amount and under 
conditions such that fusion of HIV-l to the CD4* cells is 
inhibited, thereby inhibiting HIV-l infection. 



The non-chemokine agents of this invention are capable of 
binding to chemokine receptors and inhibiting fusion of HIV- 
l to CD4* cells. The non-chemokine agents include, but are 
not limited to, chemokine fragments and chemokine 
15 derivatives and analogues, but do not include naturally 
occurring chemokines. 

In an embodiment, the non-chemokine agent is an 
oligopeptide. In another embodiment, the non-chemokine 
20 agent is a polypeptide. In still another embodiment, the 
non-chemokine agent is a nonpeptidyl agent. 

This invention provides a non-chemokine agent capable of 
binding to the chemokine receptor C-C CKR-5 and inhibiting 
25 fusion of HIV-l to CD4* cells. 

This invention provides a molecule capable of binding to the 
chemokine receptor C-C CKR-5 and inhibiting fusion of HIV-l 
to CD4* cells comprising a non-chemokine agent linked to a 
30 ligand capable of binding to a cell surface receptor of the 
CD4* cells other than the chemokine receptor such that the 
binding of the non-chemokine agent to the chemokine receptor 
.does not prevent the binding of the ligand to the other 
receptor. In an- embodiment, the cell surface receptor is 
CD4. In another embodiment, the ligand comprises an 
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antibody or a portion of an antibody. 



This invention provides a pharmaceutical composition 
comprising an amount of the above molecule effective to 
inhibit fusion of HIV-1 to CD4* cells and a pharmaceutical^ 
acceptable carrier. 

This invention also provides a molecule capable of binding 
to the chemokine receptor C-C CKR-5 and inhibiting f usion of 
HIV-1 to CD4* cells comprising a non-chemokine agent linked 
to a compound capable of increasing the in Vivo half -life of 
the non-chemokine agent. In an embodiment, the compound is 
polyethylene glycol. 

This invention further provides a pharmaceutical composition 
comprising an amount of the molecule, capable of binding to 
the chemokine receptor C-C CKR-5 and inhibiting fusion of 
HIV-1 to CD4' cells comprising a non-chemokine agent linked 
to a compound capable of increasing the in vivo half-life of 
the non-chemokine agent effective to inhibit fusion of HIV-1 
to CD4* cells and a pharmaceutical^ acceptable carrier. 

This' invention provides a method for reducing the likelihood 
of HIV-1 infection in a subject comprising administering the 
above pharmaceutical compositions to the subject. 

This invention provides a method for treating HIV-1 
infection in a subject comprising administering the above 
pharmaceutical compositions to the subject. 

This invention provides a method for determining whether a 
non-chemokine agent is capable of inhibiting the fusion of 
HIV-1 to a CD4\ C-C CKR--5 cell which comprises: (a) 
contacting a CD4% C-C CKR-5* cell, which is labeled with a 
first dye, with a cell expressing an appropriate HIV-1 
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envelope glycoprotein on its surface, which is labeled with 
a second dye, in the presence of excess of the agent under 
conditions permitting the fusion of the CD4* and C-C CKR-5* 
cell to the cell expressing the HIV-1 envelope glycoprotein 
on its surface in the absence of an agent known to inhibit 
fusion of HIV-l to CD4\ C-C CKR-5 cell, the first and 
second dyes being selected so as to allow resonance energy- 
transfer between the dyes; (b) exposing the product of step 
(a) to conditions which would result in resonance energy 
transfer if fusion has occurred; and (c) determining whether 
there is resonance energy transfer, the absence or reduction 
of transfer indicating that the agent is capable of 
inhibiting fusion of HIV-1 to CD4* and C-C CKR-5* cells. In 
an embodiment, the agent is an oligopeptide. In another 
15 embodiment, the agent is a polypeptide. In still another 
embodiment, the agent is a nonpeptidyl agent. In a further 
embodiment, the CD4* cell is a PM1 cell. In a separate 
embodiment, the cell expressing the HIV-1 envelope 
glycoprotein is a HeLa cell expressing HIV-ljR.n, gpl20/gp41. 
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This invention also provides a transgenic nonhuman animal 
which comprises an isolated DNA molecule encoding the 
chemokine receptor C-C CKR-5. In an embodiment, this 
transgenic nonhuman animal further comprises an isolated DNA 
25 molecule encoding a sufficient portion of the CD4 molecule 
to permit binding the HIV-1 envelope glycoprotein. 

This invention further provides a transgenic nonhuman animal 
which comprises an isolated DNA molecule encoding the 
30 chemokine receptor C-C CKR-5 and an isolated DNA molecule 
encoding fusin. In an embodiment, this transgenic nonhuman 
animal further comprises an isolated DNA molecule encoding 
a sufficient portion of the CD4 molecule to permit binding 
the HIV-1 envelope glycoprotein. 



-19- 



aTls -vailable for producing a transgenic animal, with 
One means salable t P follows: Female mice are 

a mouse as an example, is as folio dissected out 

^ -nri rhe resulting fertilized eggs are dissected out 
m5 ted, .nd the result ^ g ^ ^ appr0 priate 

of their oviducts. The eggs Manipu lating the 

q U rh as M2 medium (Hogan ei 
m edl umsucha Mamal , Cold spring Harbor 

House Embryo, X L ^ c _ c CRR . 6 

Laboratory (!-«)). J> ^ „ ve „ or by 

chemokine receptor or CM J P le prc , motere „ay be. 

methods well known rn the art. Induci P ^ 
£used with the coding the : rans . ge „e. 

experimental means to regu te express re9Ulator y 
Alt ernatively or „ add on ^ ^ ^ 

elements may be fused « tran6 . gen e. The DNA. in 

tissue- specific expression of the tran ,g _ 
an appropriately buffered solution. J* J~ ^ ^ 
microinjection needle wh >eh^» ^ ^ ±> 

tubing using a pipet pu"e ^ inse rted into the 

put in a depression slide. q ^ injected . 

pronucleus of the egg into the ovidu ct of a 
The inj e=ted egg x. ^ "^/J^^ by the appropriate 
pseudopregnant mouse (a ^mouse sti ^ ^ 

ho rmones to maintain pregnancy^ ^ ^ 

pregnant, where it P microinje = t io„ is not the 

^hcl - ins^ting « into the egg cell, and is used 
here only for exemplary purposes. 

•a o fr-ncformed cells which comprise an 
Thi£ invention provides ^ 
isolated nucleic acid molecule 
receptor C-C CKR-5. 

• ,'on also provides an agent capable of inhibiting 
Th is invention also P"> di to a chemokine 

•HIV-1 infection and capable c chemoki ne 
receptor without substantially effecting 
recepto chemokines . 

receptor's capability to 
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„d herein, the term -without substantially affecting 
As us ed herein ^ ^ ^ ^ ^ lne 

mSa " the chemokine receptor should still be able to 

receptor, the ch conditions, following 

Mnd to ch.-o.cx~.. J"^ „. reoeptor , . hi9h er 

binding of ^> „. 16 required to achieve the 

oncentrat.cn of t h ^ ^ 

aegree ot binding „ e£ erred embodiment of this 

lame binding is two fo!d. I. another embodiment, the 
chemokine concentration is ten fold. 

, referred embodiment of this invention, the chemokine 
In a P" £ "" d another embodiment, the chemokine 

receptor is CCRb . 

receptor is CXCR4, CCR3 or CCR-2b. . 

- *v be an oligopeptide, a nonpeptidyl agent or a 
^p" 7 ^ti^. this a 9 ent can be an antibody 
or a portion of an antibody. 

,<on further provides a pharmaceutical composition 
This xnvent.cn f urther P effe ctive to inhibit 

uprising an amoun tof the * ^ ^ ^ pharmaceutically 
fusion of hxv x i-w 
acceptable carrier. 

, « „ mf=t hod for inhibiting HIV-1 

infection of CD4 eel inhib iting HIV-1 infection 

cell s with - ase^t capable ^ «..^ thout 

and capable of binding , to cheinokine receptor's 

substantially affecting the 
capability to bind to chemokines. 

t, q provides a molecule capable of binding 

This invention also provider <» _ 

. e , f nr CCR5 and inhibiting fusion of HIV 

to the chemokine receptor CCR5«n affecting the said 

! to CD4- cells without substantially a.fectmg 
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chemokine receptor's capability to bind to chemokines linked 
to a compound capable of increasing the in vivo half-life of 
the non-chemokine agent. In an embodiment, the compound is 
polyethylene glycol. 

This invention provides a pharmaceutical composition 
comprising an amount of the above molecule effective to 
inhibit HIV-1 infection and a pharmaceutical^ acceptable 
carrier. 

This invention provides a method for reducing the likelihood 
of HIV-1 infection in a subject comprising administering the 
above pharmaceutical composition to the subject. 

This invention provides a method for treating HIV-1 
infection in a subject comprising administering the above 
pharmaceutical composition to the subject. 

This invention provides a method for determining whether an 
20 agent is capable of inhibiting HIV-1 infection comprising 
steps of: (a) fixing a chemokine receptor on a solid matrix; 

(b) contacting the agent with the fixed chemokine receptor 
under conditions permitting the binding of the agent to the 
chemokine receptor; (c) removing the unbound agent; <d> 

25 contacting the fixed chemokine receptor resulting in step 

(c) with a gpl20 in the presence of CD4 under conditions 
permitting the binding of the g P 120/CD4 complex and the 
chemokine receptor in the absence of the agent; e 
measuring the amount of bound g P 120/CD4 complex; and (f) 

30 comparing the amount determined in step (d). with the amount 
determined in the absence of the agent, a decrease of the 
amount indicating that the agent is capable of inhibiting 
HIV-1 infection. 
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This invention also provides a method for determining 
whether an agent is capable of inhibiting HIV-1 infection 
comprising steps of: (a) fixing a chemokine receptor on a 
solid matrix; (b) contacting the agent with the fixed 
5 chemokine receptor; (c) contacting the mixture in step (b) 
with a gpl20 in the presence of CD4 under, conditions 
permitting the binding of the g P 120/CD4 complex and the 
chemokine receptor in the absence of the agent; <d) 
measuring the amount of bound gpl20/CD4 complex; and (e) 
10 comparing the amount determined in step (d) with the amount 
determined in the absence of the agent, a decrease of the 
amount indicating that the agent is capable of inhibiting 
HIV-1 infection. 



15 



20 



25 



30 



35 



This invention also provides a method for determining 
whether an agent is capable of inhibiting HIV-1 infection 
comprising steps of: (a) fixing a gpl20/CD4 complex on a 
solid matrix; (b) contacting the agent with the fixed 
gpl20/CD4 complex under conditions permitting the binding of 
the agent to the gpl20/CD4 complex; (c) removing unbound 
agent; (d) contacting the fixed gpl20/CD4 complex resulting 
from step (c) with a chemokine receptor under conditions 
permitting the binding of the g P 120/CD4 complex and the 
chemokine receptor in the absence of the agent; (e) 
measuring the amount of bound chemokine receptor; and (f) 
comparing the amount determined in step (e) with the amount 
determined in the absence of the agent, a decrease of the 
amount indicating that the agent is capable of inhibiting 
HIV-1 infection. 

This invention provides a method for determining whether an 
agent is capable of inhibiting HIV-1 infection comprising 
steps of: (a) fixing a gpl20/CD4 on a solid matrix; (b) 
contacting the agent with the fixed gpl20/CD4 complex; (c) 
contacting the mixture in step (b) with a chemokine receptor 



-23- 



fitting the binding of the gpl20/CD4 
under conditions permitting th ^ ^ 

■y^ and the chemokine receptor m tne 
complex and tn boU nd chemokine receptor; 

agent; (d) measuring the .mount o£ ^ 

. *-<u^ amount determined m step via/ 
(e) comparing the — thft agent , a decrease of 

5m ount determined in the absence ^ q£ 

th e amount indicating that tne ag 
inhibiting HIV-1 infection. 

„« CD4 include soluble CD4 , fragment 
As used in these assays, • binding eite 

of CD4 or polypeptide. the binding of 
of CD4 capable of binding gpl20 -nd en a 
SP 120 to the appropriate chemokine receptor. 

., n is the gpl20 from an 

As used in these assays gpl20 ^ ^ ^ 

appropriate strair . of HIV ^ ^ ^ the 

macrophage tropic ^ g P l20 from the laboratory 

chemokine receptor CCR5 < bind to the chemokine 

adapted T- tropic strain HIV-1«, 
receptor CXCR4 . 

„ , nf the above methods, the CD4 is 

I„ a separate embodiment, the =hemokine receptor 

anfl reconstituted ^iT'tU^™* -tains the gp»0 
e^edaed in the lipid brloyer of HP 
binding activity o£ the receptor. 

v, ^ mav be labelled with a detectable 
Tbe gpl2 0, CD4 or both may be ra aioisotope 

. roark er in the above ^J^ roxidsse may be used in 
or enzymes such as horse r-disn p 

this invention. 
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i?n or CD4 or the chemokine recepto: 
In a n embodiment, the gp!20 or CD embodiment , th- 

is labelled ^ ^ the chemokine receptor i, 

biotinylated SP 120, or CM streptavi din-phycoerythrin 
detected by: (i) incub.t»g from ste p (i) 

^ ^^^^^ 9?12 ° U6in9 3 

• ^ a « aaent determined to b< 

which is previously unknown. 

> oharmaceutical compositioi 
This invention also proves a p... ^ . nhibictn< 

co.pri.inS the » 9 ent pharmaceutical!- 
— -action hy the "^/ilnt. the aoent is « 

acceptable =arr »r. emboaime „t. the agent is . 

- ^-another ^ai.ent. the a g ent „ , 

nonpeptidyl agent. 

Th ie invention also F ^ ^^^^ 

to a compound capable of ^'^^ the compound i, 
t he non- chemokine agent. In - .^^.^ al80 provide8 , 

polyethylene glycol. rnmt3rising an amount of the abov. 

pharmaceutical .^J** 1 *^ infection and , 

Llecule effective to xnhxbxt M 
pharmaceutical^ acceptable earner. 

rVod f or reducing the likelihocx 
Th is invention provides a math ^ administering th , 

of HIV .i infection xn a P fche subject . 

above pharmaceutical composition. 
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This invention provides a method for treating HIV-1 
infection in a subject comprising administering the above 
pharmaceutical composition to the subject. 

5 The invention will be better understood by reference to the 
Experimental Details which follow, but those skilled in the 
art will readily appreciate that the specific experiments 
detailed are only illustrative, and are not meant to limit 
the invention as described herein, which is defined by the 
10 claims which follow thereafter. 
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pyperimental Details 

To study how E-chemokines inhibit HIV-1 replication, a vi 
entry assay based on single-cycle infection by 
env-deficient virus, NL4 /3 Aenv (which also carries 
lucif erase reporter gene) , complemented by envel 
glycoproteins expressed in trans was used (10,11). Vari 
env- complemented viruses were tested in PM1 cells, a vari 
of HUT-78 that has the unique ability to support replicat 
of primary and TCLA HIV-1 strains, allowing comparison 
envelope glycoprotein functions against a common cellu 
background (2,12). MlP-la, MIP-lS and RANTES are most act 
against HIV-1 in combination (2,3), and strongly inhibi 
infection of PM1 cells by complemented viruses wfc 
envelopes are derived from the NSI primary strains ADA 
BaL (Table la) . 

Table 1: Inhibition of HIV-1 entry in PM1 cells and « 
X- cells by B-chemokines. 

% luciferase activity 



BaL 



ADA 



NL.4/3 I HxB2 



MuLV 



a) 

PM1 cells 

control without virus 

control with virus 

+R/Ma/MS (50/50/50) 

+ RANTES (100) 

+MIP-la (100) 

+MIP-1S (100) 

+MCP-1 (100) 

+MCP-2 (100) 

+ MCP-3 (100) 



2 
100 
2 
1 

54 
1 

46 
28 
58 



2 

100 

3 

1 

54 
6 

50 
26 
46 



2 

100 

92 

nd 

nd 

nd 

nd 

nd 

nd 



5 - 

100 

117 

nd 

nd 

nd 

nd 

nd 

nd 



3 

100 

100 

nd 

nd 

nd 

nd 

nd 

nd 



b) 

L.W4 CD4* T-cells 

control without virus 
control with virus 
+R/Ma/M£ (200/200/200) 

LW5 CD4* T-cells 
control without virus 
control with virus 
4R/Ma/Mfi (200/200/200) 



OTR-FIj 

1 

100 
14 



1 
100 
15 



HxB2 
1 

100 
68 



1 

100 
73 



MuIAT 
1 

100 
nd 



1 

100 
nd 



Table 1 legend: 

PM1 cells were cultured as described by Lubbo et al (12). 
Ficoll/hypaque- isolated PEMC from laboratory workers (LW) 
stimulated with PHA for 72h before depletion of CD8+ 
Lymphocytes with anti-CD8 immunomagnetic beads (DYNAL, Great 
Neck, NY). CD4+ Lymphocytes were maintained in culture 
medium containing interleukin-2 (lOOU/ml; Hofmann LaRoche, 
mtley, NJ), as described previously (3). Target cells 
(l-2xlO s ) were infected with supernatants (10-SOng of HJV-1 
p2 4) from 293 -cells co- trans fee ted with an 
NL 4/3*env-luciferase vector and a HIV-1 env- expressing 
vector (10,11). Z-Chemokines (R Z D Systems, Minneapolis) 
were added to the target cells simultaneously with virus, at 
the final concentrations (ng/ml) indicated in parentheses in 
the first column. The B-chemokine concentration range was 
selected based on prior studies (2,3). After 2h, the cells 
were washed twice with PBS, resuspended in B- 
chemokine-containing media and maintained for 48-96h. 
Luciferase activity in cell lysates was measured as 
described previously (10,11). The values indicated represent 
luciferase activity (cpm) /ng P 24/mg protein, expressed 
relative to that in virus-control cultures lacking 
B-chemokines (100%), and are the means of duplicate or 
sextuplicate determinations, nd, not done. R/m/MS, RANTES 
+ MlP-lot + MIP-1&. 

RANTES and MIP-lG were strongly active when added 
individually, while other g-chemokines - MlP-lor, MCP-1, 
MCP-2 and MCP-3 (refs. 13-15) - were weaker inhibitors 
(Table la). However, MIP-la, MIP-lfi and RANTES, in 
combination, did not inhibit infection of PM1 cells by the 
'TCLA strains NL4/3 and HxB2 , or by the amphotropic murine 
leukemia virus (MuLV-Ampho) pseudotype (Table la). Thus, 



-28- 



of the HIV-1 envelope 
phenotypic c ^ ct * rl,t *£ sensitivity to S- chemokines in 

glycoproteins influence their sensiti y 

a virus entry assay. 

, Hnn assav was used to assess HIV-1 entry 

The ^^ = t» ..^r individuals (LW4 and 

ln :? MIP-lo MIP-18 and R^TES strongly inhibited 

'tion by the NS I primary strain OK-FL infection of 1*4-. 
, e T,l s -T-c.11.. and weakly reduced HxB2 infection of 
S : lis Table lb) S u g3 esting that there .ay be some 
' T. ir rector usa 9 e on activated CD4* T-cells by 

overlap « BaL env _ medi ated replication xn 

different vxrus- strains. b M IP-lfi and RANTES, 

i pt3t was also inhibited by MIP-1«. M14i i» ■ . 
normal PBL was a s . ter _ donor variation in sensitivity 

albeit with significant inter aonor 

5 (data not shown) . 

determined when S-chemokines inhibited HIV-1 
It was determined -inhibition of infection 

replication *y sho»in 9 that ce o£ 

„ E .=he m okines for up to Sh after ^ che eell . 

^.eo^ae^nted virus „ in£ectio n na d no 

uith a . oh ^.n«. for 2h or a. p subBequently cashed 

inhibitory effect if addina B . chem o*ines 2 h 

before virus addition F (Fig. la). A 

!5 after virus only deCect early Dltt 

PCE-based assay was »«*J»* a£ter 10h o£ infection; 

rev erse transcripts in PM1 cells ^ ^ ^ 

averse transcription of *»• an(J „,„, (Fig .xb». 

detected in the presence of MI. 1B presence 
. kiHti „ by E-chemoMnes requires tneir y 
30 Thus, -h bi - ^ the early stage s of HIV-1 

during at least and early reverse 

replication: virus attachment, 

transcription. 
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co soluble CM, or o£ te oligomeric envelope 

ell- -™ 9 ibicion 9 by any of the 
5 glycoprotein. (171 . the OKT4a 

6 . ch emokines was found ">« (data not 8hown ) . 

CD4 -MAb was strongly ^ blto ^ "J t « a* bi „din 9 . when 
Thus. 6-chemokines inhibit « ="P glycopro teins lead to 
conformation! change s in - ^^/Jee • O.ll-c-1. 

1» ^ i0n ° £ \ he r i : a \; nd aa s 0 induced by the gpUO-CD* 

£U "°" can be monitored directly by resonance 
interaction, «nd can „ or . s cent dyes incorporated 

, transfer (RET) between fluorescent. / nKT1 , 
energy transter i~. th< _ RET a6Ba y, OKT»a 

into cell membranes (17) . with HeIja 

15 completely inhibits membrane ^ o£ either JH-FL 

celle e^ the - - ^ V- ^ ^ ^ 

(He^-JR-FI.) or BRU ffl^ (ind to a lesser ^ent^ 

of the process 117) . ^ , mbra „e fusion of HeLa- JR-FI* 
strongly inhibited membr— ^ ^ ^ 

20 cells with PM1 f 0 E ; he se B-che^ines (Table 

HeLa-BRU cells was insensitive to 



2a) 



Table 2: Effect of £- chemokines on HIV- 1 envelope 
glycoprotein-mediated membrane fusion 
measured using the RET assay 



% Fusion 





HeLa- JR-FL 


HeLa-BRU 


alPMi cell£_ 

no chemokines 

+ R/M(*/M£ (80/400/100) 

-fRANTES (80) 

+MIP-1C* (400) 

+MIP-1S (100) 

+MCP-1 (100) 

+MCP-2 (100) 

+MCP-3 (100) 


100 
1 
8 

39 
13 
99 
72 
98 


100 

95 

100 

100 

93 

98 

93 

99 


1^) tmc; m4* cells 
no chemokines 
+R/Ma/MS< 106/533/133) 
+RANTES (106) 
+MIP-lor (533) 
+MIP-1S (133) 
+OKT4A (3ug/ml) 


100 
39 
65 
72 
44 
0 


100 

100 

95 

100 

92 

0 
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Md. 2 legend vated cw - i w „ocytee or P«l 

■°*- L"d !ith octadecyl rtoda.ine Secular 

cells; -re l.iWed - HeLa . BRO cells 

prebeB , 0*>. » ^ lsbeled „ Jti 

octadecyl fluorescein env-expressrng 

cells -re concentrations tag/-l> 

M oxr«) -re added at ch 'J^ fluorescence 

£h e confined — , transfer ,«« and 

ac 4 50n». results rn ™~\llllZ a > e fusion le defined 
mission b y rhed-ine at ^ / (Max ^ . „in 

as e9 ual to 100 xIWW ^ ^ w 

cells are mxed. Exp ROT of fuaic . n -i„hioi tory 

CD r cells f 6 ,^ obtai „ed vhen *L- ««• 

compounds, and Mm SET nore „ ine) of cells are 

( lac*in 9 HXV-1 ^r/j^^L^tl- 
^ed. The tSET value rs defrne <• * ^ ^ triplJc ,t. 

elsewhere ,17,. «^J^ llM . „ ere , for and 
determinations, rnese j() _ 5t; „, 

r-"^- * ~~ * — • 

siroil ar resets were ^^^TJ^L'Z 
LM5 (T a b le *> a tW> in ^r me „ fusion in the 
£ .cnemokines were reared t ^ o£ tne 

primary ceUs ^ „ the » ceil line. The 

E .chemokines are o «•» E . cheraQkine s interfere with 

RET assay demonstrates that 
' e „v-mediated membrane fusion. 



The simplest explanation of these results is that the 
binding of certain S-chemokines to their receptor (s) 
prevents, directly or otherwise, the fusion of HIV-1 wxth 
CD4* T-cells. It has been known for a decade that HIV-1 
requires a second receptor for entry into CD4' cells 
(19-21) This function is supplied, for TCIA strains, by 
Lin (9) • Several receptors for MIP-1*. MIP-lS and RANTES 
have been identified (6,7), and B-chemokines exhxbxt 
considerable cross-reactivity in receptor usage (4-8). 
However, C-C CKR-1 and, especially, C-C CKR-5 were 
identified as the most likely candidates, based on tissue 
expression patterns and their abilities to bind MIP-la 
MIP -1S and RANTES (4,7,8,15,22). C-C CKR-1, C-C CKR-5 and 
LESTR are each expressed at the mRNA level in PM1 cells and 
primary macrophages (data not shown). These and other 
Lhemokine receptors were therefore PCR-amplxf xed, cloned 
and expressed. 

The expression of C-C CKR-5 in HeLa-CD4 (human), COS-CD4 
(simian) and 3T3-CD4 (murine) cells rendered each of the. 
readily infectible by the primary, NSI straxns ADA and BaL 
in the env-ccmplementation assay of HIV-1 entry. (Table 3) . 
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Table 3 legend: 

Chemokine receptor genes C-C CKR-1, C-C CKR-2a, C-C CKR-3. 
C-C CKR-4 and C-C CKR-5 have no introne (4-8,15,22) and were 
isolated by PCR performed directly on a human genomic DNA 
pool derived from the FEMC of seven healthy donors. 
Oligonucleotides overlapping the ATG and the stop codons and 
containing BamHI and Xhol restriction sites for directional 
cloning into the pcDNA3.1 expression vector (Invitrogen 
Inc.) were used. LESTR (also known as fuexn or HUMSTR) 
(4,9,24) was cloned by PCR performed directly on cDNA 
derived from PM1 cells, using sequences derived from the NIH 
database. Listed below are the 5' and 3' primer pairs used 
in first (5-1 and 3-1) and second (5-2 and 3-2) round PCR 
amplification of the CKR genes directly . from human genomic 
DNA, and of LESTR from PM1 cDNA. Only a single set of 
primers was used to amplify CKR-5. 

LESTR: L/5-1 = AAG CTT GGA GAA CCA GCG GTT ACC ATG GAG GOG 
ATC (SEQ ID NO: 9) ; 

L/5-2 = GTC TGA GTC TGA GTC AAG CTT GGA GAA CCA (SEQ ID NO: 

i/3'l = CTC GAG CAT CTG TGT TAG CTG GAG TGA AAA CTT GAA GAC 
TC (SEQ ID NO: 11) ; 

L/3-2 - GTC TGA GTC TGA GTC CTC GAG CAT CTG TGT (SEQ ID NO: 
12) ; 

CKR-1-.C1/5-1 = AAG CTT CAG AGA GAA GCC GGG ATG GAA ACT CC 
(SEQ ID NO: 13) ; 

CI/ 5 -2 = GTC TGA GTC TGA GTC AAG CTT CAG AGA GAA (SEQ ID NO: 
14) * 

Cl/3-1 = CTC GAG CTG AGT CAG AAC CCA GCA GAG ACT TC (SEQ ID 
NO: IS) ; 

Cl/3-2 = GTC TGA GTC TGA GTC CTC GAG CTG AGT CAG (SEQ ID NO: 

.CKR-2a:C2/5-l = AAG CTT CAG TAC ATC CAC AAC ATG CTG TCC AC 
(SEQ ID NO: 17) ; . 



C2/5-2= GTC TGA GTC TGA GTC AAG CTT CAG TAC ATC (SEQ ID NO: 
2 8) § 

C2/3-1 = CTC GAG CCT CGT TTT ATA AAC CAG CCG AGA C (SEQ ID 

NO: 19); 

C2/3-2 = GTC TGA GTC TGA GTC CTC GAG CCT CGT TTT (SEQ ID NO: 

20) ; 

CKR-3: C3/5-1 = AAG CTT CAG GGA GAA GTG AAA TGA CAA CC (SEQ 
ID NO: 21); 

C3/5-2* GTC TGA GTC TGA GTC AAG CTT CAG GGA GAA (SEQ ID NO: 
22) • 

C3/3-1 = CTC GAG CAG ACC TAA AAC ACA ATA GAG AGT TCC (SEQ ID 
NO: 23) 

C3/3-2 - GTC TGA GTC TGA GTC CTC GAG CAG ACC TAA (SEQ ID NO: 
24); 

CKR-4: C4/5-1 = AAG CTT CTG TAG AGT TAA AAA AUG AAC CCC ACG 
G (SEQ ID NO: 25); 

C4/5-2 = GTC TGA GTC TGA GTC AAG CTT CTG TAG AGT (SEQ ID NO: 
26) / 

C4/3-1 - CTC GAG CCA TTT CAT TTT TCT ACA GGA CAG CAT C (SEQ 
ID NO: 27); 

C4/3-2 - GTC TGA GTC TGA GTC CTC GAG CCA TTT CAT (SEQ ID NO: 
28) $ 

CKR-S: C5/5-12 = GTC TGA GTC TGA GTC AAG CTT AAC AAG ATG GAT 
TAT CAA (SEQ ID NO: 29); 

C5/3-12 = GTC TGA GTC TGA GTC CTC GAG TCC GTG TCA CAA GCC 
CAC (SEQ ID NO: 30) . 

The human CD4 -expressing cell lines HeLa - CD4 (P42) , 3T3-CD4 
(sc6) and COS-CD4 (Z28T1) (23) were trans fected with the 
different pcDNA3.1-CKR constructs by the calcium phosphate 
method, then infected 48h later with different reporter 
viruses (200ng of HIV-1 P 24/10 e cells) in the presence or 
absence of B-chemokines (400ng/ml each of RANTES, MlP-lct and 
.MIP-lS). Lucif erase activity in cell lysates was measured 
48h later (10,11).. B-Chemokine blocking data is only shown 
for C-C CKR-S, as infection mediated by the other C-C CJCR 
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aenes too vea* for inhibition tc be guantifaaMe. In 

PCR-based of HIV-1 entry, a Jo- level of entry of 

and ^ into C-C CKR-1 expressing ell. not 
shown) was consistently observed. 

^ r* r- rm? i -2a. -3 or -4 could substitute 

Neither LESTR nor C-C CKR-1, 2a, 

- ■ n,i e -ccav The expression of LESIK in 
■Frvr- C-C CKR-5 m this assay. i"«= ^ 

CC-S-CD4 ana 3T3-CD4 =.11. permitted HxB 2 entry, and H*B 2 
readily entered untransf ected (or 
Plasmid-transfected, HeLa-CD4 cells (Table 3) . Entry of B» 
: a M A into all three C-C CKR-5-expressing cell lines wa. 

iot-oi v inhibited by the combination of MXP-la. 
almost completely inniDitcu u 3 • 

and R^TES, whereas HxB 2 entry into LESTR- express mg 
" lis was insensitive to « chemoKine. (Table 3,. These 
Results suggest that C-C CKR-5 function. as a 
E . chem c.xine-sensitive second receptor £or : primary, MI H!V 
strains . 

The second receptor function of C-C CKR-5 was confirmed in 
Issavs of env-mediated membrane fusion. When C-C CKR-5 was 
transiently expressed in COS and HeLa cell lines that 
IrLnently expressed human C4 . ™^£"J%£ 

Glycoprotein., whereas no fusion , vm 
flasmids were used (data not shown. . Expression of LESTR 
„ of c C CKR-5 did not permit either C0S-CD4 or HeLa- 
r «J - -e "ith -La-OR-rL ce!l.. but did allow 
Z Jl : between COS-CD, cells and HeLa-BRU ceils (data not 
shown) . 

The fusion capacity of S -chemo*ine receptor, was also tested 
I„ the RET assay. The expression of C-C CKR-5. but not of 
c c CKR-1 -2a. -3 or -4. permitted strong fusion between 
tl^» cells and HeLa- JR-FL cells. The extent of fusion 
bet ween HeLa - JR- FL cells and C-C CKR- 5-expressing HeLa-CD4 
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cells was greater than the constitutive level of fusion 
between HeLa-BRU cells and HeLa-CD4 cells (Fig. 2) . The 
fusion-conferring function of C-C CKR-5 for primary, NSI 
HIV-1 strains has therefore been confirmed in two 
independent fusion assays. 

Pv pprimenf al Discussion 

Together, the above results establish that MlP-la, MIP-1E 
and RANTES inhibit HIV-1 infection at the entry stage, by 
interfering with the virus-cell fusion reaction subsequent 
to CD4 binding. It was also shown that C-C CKR-5 can serve 
as a second receptor for entry of primary NSI strains of 
HIV-1 into CD4+ T-cells, and that the interaction of 
S-chemokines with C-C CKR-5 inhibits the HIV-1 fusion 
15 reaction. 
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J _ 1 _ L _ J _, ,n - rim w r priffientfi 

experimental Bt hu _ E . chemolcin e E were 

sources of r«g«* (Minn eapolis> and -I-HIP-l* 

purchased fro. M» Sy-' ^ ^ Dupont . HEN . 

(specific activity 2 ' 20C sattentau (IS) . 

d escribedU7). Konoclonal antibodi s t gpl20 . 
frcn, donors listed elsewhere ( l S .20) e X c 

C terminus . fro. , . Sob-son* . 4*7 ■ « ^ _ 

cellular products ™ ; was £rom viral 
Recombinant SP« « p „ ti<3es „ere obtained either from 

Therapeutics Inc., »nd V3 pepti _.„ sitory Recombinant 

Repligen or the « »= ««« *P"° 

"» .'rrt'the Keagente Repository, and 

were provided by the HI A ^ ^ ^ 

HS1D 9P120 (SmithKline Eeech.m, Belgium, 
MDS Reagent Repository. 

™™.ric TO-FL and LAI gpl20s, both full- 
K.oombinant mcnomerrc ^R _ ^ ^ 

!ength and with t* ^1 . P pharir . Bce uticals that contain 
vectors developed at Progeny cas s.tte . The 

. ^^drofclate reductase e^ ^ ^ ^ 

egression o£ the gene For „-V3 gp^Oa, 

cytomegalovirus immediate e.rlyp splicing . b y-overlap- 
the V3 loops were excised by the P^^ ^ 

extension techmuue, ™* ^ peptide sequ ence 

joop were retained and spann J ^ ^ no 

TGAGH . All cons tructs «« c manipulations, 

stations were introduced dur.ng trans£ected chlne se 

Th e proteins "pressed » -U ^ ^ 

. hamster ovary cells (DXB 111 . hetrMMt . i following 

m edium and amplified using proce ins 
previously described methods (17). 



were purified to >95% homogeneity in a non- denaturing 
process comprising an ion exchange, Galanthus nivalus lectin 
Affinity and gel filtration chromatography. The purified 
proteins bound sCD4 with nanomolar affinity (18) . 

f e P16 2 OC160 a 3.5-kb EcoRl-BamHl fragment 
For expression of SF162 gpxbu, <* 

Containing the env gene was excised fro. the SV.O ased 
vector P SM and subclone* into the Rl/Bgllll sites of the fi 
actin-based expression vector pCAGGS. For expression of 
SF17 0 g P 16 0/ a 3.8-kb fragment containing the env gene was 
excised from the pESKS* plasmid, blunted by treatment with 
T4 DNA polymerase, and subcloned into the RV/Xhol sites of 
pCAGGS. The expression plasmids were transfected into 293 
T cells by calcium phosphate co- P recipitation . Soluble 
Lao in the culture supernatant was collected after three 
Zls. filtered through" 0 . 2 - M m filters and concentrated over 
an Ami con 1000 membrane. 

- cn1 , lV , lp oliqomeric forms of the JR-FL 
The preparation of soluble, oxigw . ., n 

, i„^rnrpins (and also monomer ic gpl20 

and 94RW020 envelope glycoproteins i«nu 

r n„„«, tv>© JR-FL env gene was 
f-rom 92TH014) was as follows. The ok a 

Provided by I. Chen .WXH and the env genes of „1H01« and 
7ZZ were chained fro. the «>a» 

Repository (30). Soluble expression plasmids encoding gpl20 
and tne Z<1 ectodomain of OR-n. and S3KW020. gpl^O only of 
^THOK.^re constructed as described ,30, . and "ansfected 
in" Chinese hamster ovary cells by the calcru™ phosphate 
me hod The cleavage sites between the »-PL and S2TH014 
~». and gP « moieities were retained, and proteins 
Secreted as oligomers «.».. J.M.B. and J.P.K.. unpublished 
tZ) envelope glycoproteins were partially purrfred fro* 
— supLatante ^^^^^ 

■ sr^J. -c- - ~ r;::; 

by virtue of a single point mutation at rescue 457. did not 
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compete with 12S I-MIP-1/S . The monomeric gpl20 or oligomeric 
gpl20/gp41 concentrations in unpurified culture supernatants 
were estimated by denaturing the proteins (19) , then dot- 
blotting onto nitrocellulose membranes and detecting the 
5 gpl20 with a cocktail of murine monoclonal antibodies to 
continuous epitopes (IS) , followed by an ant i -mouse IgG-HRP 
conjugate and the ECL chemiluminescence system (Amershara) . 
Purified, monomeric JR-FL gpl20 was used as a concentration 
standard (17) . The concentration of oligomeric gpl20/gp41 
10 complexes was defined as the total concentration of 
monomeric gpl20 subunits in the preparation. High-affinity 
CD4 binding of the gpl20s was confirmed by enzyme-linked 
immunosorbent assay (ELISA) (19) . 

Cells and cell lines. PEMCs were isolated from blood donors 
by Ficoll-Hypaque centrif ugat ion, and stimulated for 2-3 
days with phytohaemagglutnin (5 ng ml" 1 ) and IL-2 (100 U ml" 
a ) (Roche) . CD4* T cells were purified from the activated 
PEMCs by positive selection using anti-CD4 immunomagnetic 
20 beads (Dynal Inc.). The purified lymphocytes were cultured 
for at least 3 days at 2 x 10* / ml in medium containing IL- 
2 (200 U ml' 1 ) before being used in the " 5 I-MIP-l£ binding 
assay. The cells were screened for CCR- 5 -defective 
alleles(14), and only cells from wild-type donors were used 
25 (except when specified) . 293 cells were transfected with 
pcDNA3 .l-ckr-5 (ref. 1) using the calcium phosphate method, 
and resistant clones were selected in culture medium 
containing 1 /ig ml" 1 neomycin (G418; Sigma). Resistant cells 
were subclcned and tested for CCR- 5 expression in a binding 
30 assay using 125 I-MIP-1/S . 

MIP-1/3 binding assay and gpl20 competition. Purified CD4* 
T cells were washed twice in ice-cold, binding buffer (RPMI 
1640 medium containing 1% BSA, 25mM HEPES, 0.05% sodium 
35 azide) . Duplicate samples (2 x 10 6 cells in 200 /zl) were 
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incubated with 0.1 nM "'I-MIP-1* (2.200 Ci mmol" 1 ; 0.25 M Cml 
i) for 2 h on ice. Unlabeled ligand or gpl20 (mixed with 
monoclonal antibodies when appropriate) was added to the 
cells immediately before radiolabeled ligand was addea. 

5 Anti-CD4 monoclonal antibodies were added to the cells 
simultaneously with gpl20 ; These cells were then separated 
from unbound ligand by centrifugation (60s, 14,000g) through 
' oil (80% silicone oil. Aldrich; 20% mineral oil, Sigma), and 
the radioactivity in the cell pellet was determined by gamma 

10 counting. Specific binding of -I-MIF-l* was estimated by 
including a 100-fold excess of unlabelled MIF-1*. Each 
experiment was repeated at least twice using cells from 
different donors. For experiments with 293-CCR-5 cells, the 
cells were detached with imM EDTA then, washed twice with 

15 binding buffer. Samples (5 x 10* cells) were --bated with 
0 5 nM -I-MIP-1*. then processed as above. When the 
MIP-1/3 concentration was reduced to 0.1 nM, no specific 
binding was detected. 

20 Sms&JOt essential co-factor for 

The 0-chemokine receptor CCR-5 is 

fusion of HIV-1 strains of the non- syncytium- inducing (NSI) 
phenotype with CD4* T-cells (1-5) . The primary binding site 
Tol hulan immunodeficiency virus (HIV) -1 is the CD 
25 molecule, and the interaction is mediated by the vira 
, t . _ - ~ n ic 7). The mechanism or CCR-b 

surface glycoprotein gpl20 Kb , n . >■ 

function during HIV-1 entry has not been defined, but we 

• ,-hat- its fi-chemokine ligands prevent 

have shown previously that it- P 

, • j,!, i-h^ cell(l). w e therefore 

HIV-1 from fusing with the cexivx/- 

- . rrT! c acts as a second binding site for 

investigated whether CCR-S acts 

Hiv-l simultaneously with or subsequent to the interaction 
between SP120 and CD4 . We used a competition assay based on 
gpl.O inhibition of the binding of the CCR-5 Ugand, 
macrophage inflammatory protein (MIPV-W. to its receptor on 
activated CD4* T cells or CCR-5 positive CD4 cells. »« 
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ccnclude that CD4 binding, although not absolutely necess 
for the gpl20-CCR-5 interaction, greatly increases 
efficiency. Neutralizing monoclonal antibodies agai 
several sites on gpl20, including the V3 loop and C 
induced epitopes, inhibited the interaction of gpl20 w 
CCR-5, without affecting gpl20-CD4 binding. Interfere 
with KIV-1 binding to one or both of its receptors (CD4 
CCR-5) may be an important mechanism of vi 
neutralization . 

MIP-10 is the most specific ligand for CCR-5 (8-10) beca 
MIP-l<x and RANTES also bind with high affinity to ot 
members of the /3-chemokine receptor family on lymph 
cells (8-11). We therefore used MIP-1/3 as the CCR-5 lig 
in the competition assays. In common with other members 
this receptor family(12), CCR-5 is a mitogen-response ge 
Its expression in quiescent, purified CD4* T-celle 
usually minimal, but 3 days after activation of the cells 
phytohaemagglutinin and interleukin (ID -2 , we obser 
strong increases in CCR-5 messenger RNA and ia5 I-labell 
MIP-1/3 binding (data not shown) . As specificity contrc 
we used CD4* T cells from individuals homozygous 
defective CCR-5 alleles (13 , 14 ) . The amount of speci 
(that is, cold MIP-1/3- competed) J25 I-MIP-l/3 (0.1 nM) bine 
to cells from three such individuals was 92 ± 12 c.p.m. 
2 x 10* cells (mean ± s.d.). In contrast, mean binding 
cells from 21 control individuals was 1,044 ± 1,073 c.r 
per 2 x 10 6 cells (range, 222-4,846 c.p.m.). Most of 
3J5 I-MIP-l/3 reactivity with activated CD4* T cells there! 
derives from binding to CCR-5. 

When recombinant, monomeric gpl20s were added with 
1/3 to activated CD4" T cells, we found that gpl20 from 
NSI strain JR-FL. [which used CCR-5 for entry (1)] stroi 
inhibited MIP-1/3 binding (Fig.. 3a: Table 4). 



Table 4 Legend: 



Recombinant proteins were titrated in the presence of 0.1 nM 
135 I-MIP-1/S and added to activated CD4* T cells. Percentage 
inhibitions of 125 I-MIP-1/? binding at each gpl20 
concentration are shown, and are the means. ± s.d. of 2-4 
independent experiments. No value indicates that the gpl20 
molecule was not tested at that concentration (several 
molecules were not available at concentrations > lug ml* 1 ) . 
* An oligcmeric gpl20/gp41 complex. 



Half-maximal inhibition occurred in the range 0.1-1.0 tig ml' 1 
{0.8-8nM) g P 120, which is similar to the association 
constant for the g P 120-CD4 interaction (7) . In contrast, 
gpl20 from the T-cell-line adapted (TCLA) SI strain LAI was 
ineffective (Fig. 3a; Table 4). This virus uses fusin 
(CXCR-4), but not CCR-5, for entry (1-5). Mutants of JR-FL 
and LAI gpl20s which lack the V3 loop U-V3 gpl20) , but bind 
CD4 with high affinity, did not block MIP-10 binding (Fig. 
3 a). However, peptides (15-residue if not specified) from 
the V3 loops of the following strains were also inactive: 
jr-FL (32-residue), RA, VS. Case-B (each NSI) ; HxB2 . MN, SF- 
2 (each TCLA) (peptides were added at 1/xg ml' 1 , the 
approximate molar equivalent of 60 »g ml"* gpl20) .. An 
oligomeric complex of JR-FL g P 120 noncovalently associated 
with the ectodomain of g P 41 was an effective inhibitor of 
MIP-1/8 binding, but a recombinant molecule comprising only 
the g P 41 ectodomain was not (Table 4), although the latter 
molecule may not fold into a native structure (IS) . 

HIV-1 strains from, genetic subtypes A, B, C and E can use 
CCR-5 for entry (3), and we have found that MIP-10 inhibits 
the replication of most primary, NSI HIV-1 strains from 
subtypes A to E. This breadth of reactivity of HIV-1 with 
CCR-5 extend to the JS5 I-MIP-1/? competition assay. 
Recombinant SP 120s from the following NSI primary strains 
were competitive, with half-maximal inhibition of MIF-1* 
binding occurring at concentrations around 0.1-0.5 ng ml" 1 : 
JR-FL (subtype B) , SF162 (B) , W61D (B) , 92TH014 (B) , SF170 
( A ) 92RW020 (A) and CM243 (E) (Table 4) . In contrast, no 
competition was observed with SP 120s from the TCLA subtype 
B strains LAI, MN and SF-2 (Table 4), although each could 
bind CD4 with high affinity (not shown) . Thus the phenotype 
of the virus from which a gpl20 molecule is derived is more 
important than . the viral genotype in determining 
interactions with CCR-5. 
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We assessed the role of CD4 in the competition between NSI 
gpl20 and MIP-l/S by using antagonists of the gpl20-CD4 
interaction. The monoclonal antibodies Q4120 and L77, which 
react with domain 1 of CD4 to inhibit gpl20 binding < 16) , and 
soluble CD4 (sCD4) , which reacts with gpl20 to inhibit CD4 
binding (17), both reversed the inhibition by JR-FL gpl20 of 
MIP-1/Sbinding to CCR-5 (Fig. 3b; Table 5). 
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Table 5 Legend: 

JR-FL gpl20 (2ug ml' 1 ) inhibition of 28 I-MIP-10 binding to 
activated CD4* T cells was tested in the presence or absence 
of sCD4 (50 ng ml* 1 ) or monoclonal antibodies to CD4 <50 /xg 
ml' 1 ) or antibodies to g P 120 (20pg ml ). Mean percentage 
reversals of the competitive effect of gpl20 in the presence 
of each antibody (±s.d; n= 2-4 independent experiments) are 
shown. The level of specific 12S I-MIP-1/S binding <c.p.m.) 
Recorded in the presence of gpl20 but the absence of 
antibody was set at 0%, and the level recorded in the 
absence of both gpl20 and antibody was set at 100%. A 
negative percentage reversal indicates that the competitive 
effect of gpl20 on 125 I-MIP-10 binding was increased in the 
15 presence of the antibody. Also listed are the approximate 
positions of the antibody epitopes on gpl20, as 
defined (19, 20) . References to the origin of the antibodies 
are described elsewhere (19 , 20) or listed in the Methods 
section. 
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* Anti-gpl20 monoclonal antibodies (or sCD4) able to 
neutralize HIV- 
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t Monoclonal antibodies with neutralizing activity against 
other HIV-1 strains (primary or TCLA) . 
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Monoclonal antibodies to other domains of CD4 [which do not 
block gpl20-CD4 binding (16)] were ineffective (Table 5) and, 
in the absence of gpl20, sCD4 (50 M9 ml' 1 ) caused no 
inhibition of MIP-1/3 binding (data not shown) . An 
5 interaction with cell -surface CD4 is therefore important for 
g P 120 to interact efficiently with CCR-5 and block MIP-10 
binding. To determine whether CD4 was an absolute 
requirement, we prepared a stable human CD4" CCR-5* 293 cell 
line. These cells bind " 5 I-MIP-l£ (specific binding up to 
10 2,500 c. p.m. per 5 x 10 s cells), whereas untransfected 293 
cells do not (specific binding <50 c.p.m.). The binding of 
"'I-MIP-10 to the CD4 CCR-*5 293 cells was sporadically 
inhibited by JR-FL gpl20, but only at the highest gpl20 
concentrations tested (50-100 /ig ml- 1 ). The strongest 
15 competition observed on these cells was 73% inhibition of 
MIP-1/3 binding by 50 ^g ml" 1 of JR-FL , gpl20 (comparable 
inhibition was found in two other experiments) , but 
competition was often not detected at all, and we never 
observed inhibition of MIP-1/3 binding at lower 
concentrations of gpl20 . The- addition of excess sCD4 to the 
CD4- CCR-5 cells neither reduced nor increased the 
inhibitory effect of JR-FL gpl20 (data not shown) . 

The interaction between JR-FL gpl20 and CCR-5 requires at 
least 100-fold higher g P 120 concentrations on CD4' cells 
than on CD4* cells. We suggest this is because binding of 
gpl20 to CD4 on the cell surface increases the probability 
of a g P 120-CCR-5 interaction; either a gpl20-CD4-CCR-5 
ternary complex forms, or there are sequential interactions 
30 of gpl20 with CD4, then CCR-5. One possibility is that the 
high- affinity association of gp!20 with CD4 increases the 
probability of a lower-affinity interaction of gpl20 with 
■ CCR-5 (a proximity effect) . This is consistent with the 
finding that sCD4 . does not substitute for cell-surface CD4, 
35 at least with JR-FL SP 120. Alternatively, binding to CD4 
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may be necessary to (better) expose a CCR-5 binding site on 
gpl20. This may be especially important in the context of 
virions, where some regions of the oligomeric envelope 
glycoproteins (including the V3 loop) that are accessible on 
monomer ic gpl20 are not optimally exposed before CD4 
binding (18) . 

To gain further sight into how the gpl20-CD4 complex 
interacts with CCR-5 on activated CD4* T cells, we used a 
panel of HIV-1 neutralizing and non-neutralizing anit-gpl20 
monoclonal antibodies (19 , 20) having confirmed that each 
could bind to JR-FL gpl20. The antibodies were tested, for 
reversal of the competitive effect of gpl20 on MIP-10 
binding site (Table 5). As with sCD4 , the antibodies to 
conformational (15e and IgGlbl2) or linear (G3-508) epitopes 
overlapping the CD4-ginding site (20) prevented JR-FL gpl20 
from competing with MIP-10. However, several antibodies 
that do not affect the binding of monomeric gpl20 to CD4 
(20) also inhibited the gpl20- CCR-5 interaction (Table 5). 
These included three (447-D, 10b and 83.1) to the V3 loop; 
one (2G12) to a conserved epitope in the C3-V4 region; two 
(4 8d and 17b) to a conserved, CD4- induced epitope. All of 
these except A32 map to what we have defined as the gpl20- 
neutralizing face (20). Eight other monoclonal antibodies 
that did not prevent JR-FL gpl20 from blocking MIP-10 
binding (Table 2) cluster on what we have defined as the 
gP l20-non-neutralizing face (20) : their epitopes are 
accessible on monomeric gpl20, but in the context of the 
oligomer they are occluded either by other gpl20 subunits or 
by gp41 molecules (19,20) . These ineffective antibodies 
include 2/llc to an epitope overlapping that of A32; for 
this reason, and because A32 neutralizes no HIV-1 strains 
strongly, the significance of the partial inhibitory action 
"of A32 on the gpl20-CCR-5 interaction is uncertain. Two 
monoclonal antibodies (6S7-D and SC259) to the V2 loop were 
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Th i?-d Series of E xperiments 
Summary 

The CC-chemokine receptor CCR5 is required for the efficient 
fusion of M- tropic HIV-1 strains with the plasma membrane of 
5 CD4+ cells (1-5), and interacts directly with the viral 
surface glycoprotein gpl20(6,7). Although receptor chimera 
studies have provided useful information ( 8 -10) , the domains 
of CCR5 that function for HIV-1 entry, including the site of 
g pl20 interaction, have not been unambiguously identified. 

10 Here, we use site-directed, alanine- scanning mutagenesis of 
CCR5 to show that only substitutions of the negatively 
charged residues Asp-2 (D2) , Asp-11 (DID and Glu-18 (E18) , 
singly or in combination, impair or abolish CCR5-mediated 
HIV-1 entry for the ADA and JR/FL M- tropic strains and the 

15 DH123 dual -tropic strain. These mutations also impair 
env-mediated membrane fusion and the gpl20-CCR5 interaction. 
Of these three residues, only Dll 'is necessary for 
CC-chemokine-mediated inhibition of HIV-1 entry, which is, 
however, also dependent on other extracellular CCR5 

20 residues. Thus, the gpl20 and CC-chemokine binding sites on 
CCR5 are only partially overlapping, and the former requires 
negatively charged residues in the N- terminal CCR5 domain. 



25 



ppsult 

To identify regions of CCR5 involved in gpl20 binding and 
HIV-1 entry, we performed alanine- scanning mutagenesis of 
negatively (D, E) or positively (K, R, H) charged residues 
in the N-terminus (Nt) and three extracellular loops (ECL 
1-3), on the grounds that charged residues have been 
30 previously implicated in the interactions of CC-chemokines 
with their receptors (11 12). We also altered any residues 
that differed between human CCR5 and its murine homologue 
(which is non- functional for HIV-1 entry) (9,10) whenever the 
'difference involved a charge change. In all, 15 single, four 
double and one triple mutants were tested in these studies 
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(Fig. 4) 



The wt and mutant CCR5 proteins (HA- tagged at the C-terminus 
to facilitate detection) were transiently expressed in both 
U87MG-CD4 and SCL-1-CD4 cells and their abilities to support 
entry mediated by HIV-1 envelope glycoproteins were 
determined using an env- complementation assay with a 
luciferase readout (Fig. 5) (1,2). These non- lymphoid human 
cell lines were chosen because they lack the CCR5, CCR3 and 
CXCR4 co-receptors, so resist infection by HIV-1 in the 
absence of a transfected co-receptor (2 . 4 . 13 . 14) (a few 
exceptional HIV-1 strains will enter U87MG-CD4 cells via. an 
unknown route (15), but we did not use them). Almost 
identical results were obtained with both cell lines. Two 
M-tropic viruses (ADA and JR-FL) that ; use CCR5 but not 
CXCR4U-5), and one dual-tropic virus (DH123) (15) that uses 
both CCR5 and CXCR4 equally well (17), were used to test 
whether the mutant CCR5 proteins could support HIV-1 entry. 
The level of expression of each transfected CCR5 mutant was 
assessed by western blotting, and taken into account when 
determining co- receptor efficiency. 

Of the 15 single mutations, only three had a significant 
inhibitory effect on the co-receptor function of CCR5 (Fig. 
5) These were D2A, D11A and E18A, all located in the Nt 
domain of CCR5 (Fig. 4). The EISA substitution alone was 
sufficient to reduce CCR5 function by 15-20 fold. The double 
mutant D2A/D11A was less active than either of the single 
mutants, and the triple mutant (D2A/D1 1A/E18A) was almost 
completely inactive (>50-fold reduction in entry compared to 
wild-type) IFig.BA). None of the other substitutions 
significantly affected CCR5 function in this assay 
(Fig 5B,C). Similar results were obtained with both M-tropxc. 
. envelope glycoproteins, and the only difference noted with 
the dual-tropic DH123 envelope was a significantly increased 



sensitivity to the D11A substitution (Fig.5A) . Thus 
negatively charged residues in the CCR5 Nt have a major 
influence on the co-receptor function of this molecule. 

To study the effects of the D2A, D11A and E18A substitutions 
in an independent assay of HIV-1 env function, we used a 
membrane fusion assay in which HeLa cells stably expressing 
the JR-FL env gene are mixed with HeLa-CD4 cells transiently 
transfected with wild-type or mutant CCR5 (Fig. 6) (1,18). 
The two cell types are labeled with different fluorescent 
probes, and fusion is monitored by resonance energy transfer 
(RET) , which occurs only when the two dyes are present in 
the same membrane (1, 18) . We tested the D2A, D11A and E18A 
single mutants and the double and triple mutants, in 
comparison to wild type CCR5 in the RET assay. Each mutant 
had a phenotype in this fusion assay identical to what was 
observed in the viral entry assay (cf. Figs. 5A,6); the E18A 
and the double and triple mutants were completely unable to 
support env-mediated membrane fusion. However, when we 
boosted the expression of coreceptors by about 100-fold 
using the vaccinia-T7 polymerase (vFT7-pol) 
system (1,4. 5, 13). each of the CCR5 mutants was able to 
support membrane fusion, although less efficiently than the 
wild-type protein (Fig. 6). We noted previously that CCR5 
over- expression abolished the ability of its CC-chemokine 
ligands to inhibit membrane fusion, suggesting that some 
phenotypic changes can be missed if CCR5 expression is too 
high(l). The results with the vac-T7pol system do, however, 
show that even the triple mutant (D2A/D1 1A/E18A) is not 
completely inert as a co-receptor, just very strongly 
impaired. 

We next tested whether the CCRS mutants that supported HIV-1 
entry were sensitive to the inhibitory effects of the 
CC-chemokine ligands of CCRS: MlP-lalpha, MIP-10 and RANTES 
(Table 1) (19-21) 
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Table 6 ^_ 

MTP-lfl RANTES 

Mip - ia : 

Nt D2A 81 41 7 

D11A 10 g3 92 

N13A 1" 1Q0 62 

E18A 100 12 -11 

K22A 19 g7 100 

K26A 100 2 -16 



ECL2 



R31A 



-5 



97 



97 



114 



ECL1 Q93A 88 112 121 



D95A 107 98 93 

Q102A 107 



107 



K171A/E172A 21 ^ 95 

H175A 119 39 

H181A 29 68 36 

Y184A 102 ?5 51 

Q1B8A 95 15 18 

K191A/N192A 1* 



100 



10 



EC L3 E262A ™° 3g 33 

R274A/D276A 48 
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chemckine/wild-type lucif erase cp-- 
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of CCR5 expression on transiently transfected cells was too 
low to obtain a reproducible signal in any of several 
binding assays tested. We therefore used a competition 
assay in which the ability of g P 120 (JR-FL) (7) to inhibit 
the binding of a phycoerythrin (PE) -labeled CCR5-specif ic 
MAb (2D7-FE) (23-25) was measured. The epitope for this MAb 
is located within ECL2, and we found that it was able to 
bind efficiently to HeLa cells co- transfected with CD4 and 
the CCR5 Nt mutants. 

independent studies show that 2D7 inhibits the binding of 
(125)I-labeled g P 120 to CCR5 on the murine LI. 2 cell 
line (25). which overexpresses CCR5 to an extent that permits 
the detection of gpl20 binding (6 .. 25) . Here we show that the 
binding of 2D7-PE to wild type CCR5 was .strongly inhibited 
(70%) by prior addition of gpl20, indicating that the 
interaction of g P l20 and 2D7 with the receptor is mutually 
exclusive (Fig. 7). However, gpl20 only partially inhibited 
(40%) the binding of 2D7-PE to the D2A, D11A and E18A 

^ 1m „ a i. ineffective at blocking 2D7-PE 

mutants, and was almost ineffective » 

binding to the double and triple Nt mutants (25% and 15% 
inhibition, respectively) (Fig. 7). Of note, those mutants 
m ost impaired for HIV-1 entry (Fig. 5) were also the ones 
for which 2D7-PE binding was least sensitive to gpl20 
inhibition (Fig. 7). The most probable explanation of this 
result is that gp!20 binds to the wild type CCRS molecule xn 
such a way as to sterically hinder binding of 2D7-PE to 
ECL2, but binds poorly to the Nt mutants. A less likely 
possibility is that g P 120 does bind efficiently to the Nt 
mutants but in an unusual orientation in which it is less 
-ble to inhibit 2D7-PE binding to ECL2 . In the latter case, 
the geometry of inter- domain interactions in CCR5 has been 
altered by the Nt substitutions that impair CCR5 co-receptor 
* function. 



-64- 



•^n'fied point substitutions at 
» this study, we have ^"'^ P the Bta , Btllnll 
three negatively-charged ""^'^^ of CCR5 , „ itho ut 
dcain that affect the inhiblti on of 

necessarily *. tit »ti-» affect the 

cc-receptor function The . 

5bi lity of interaction. This 

by reducing the -ffinlty co . r e=eptor-def ective 

may be efficient to «™« f « ^ cauBed by t»* Ht 

phenotype. The loss of affi » £or 

substitutions in CCRS can J ■ presumably 

^erexpxessing the .utant co-recept^^^ ^ ^ 

r:^ :™a r ^ — — - 

initiate merrtorane fusion (26-28) . 

is therefore dependent on 
The gP x20 binding site on COS ^ _ aisc „ te 

residues in the Ht and it » P ^ ^ ^ w> 

gpl2 0-binding dc-am is actua y or 
previous studies using ^ and cxcM Kfs 

mu tants indicated ^ °Vhe chimera studies aXso 

£o r co-receptor ^"^""'"^^n between CCRS and 
jested that ^ ^ slewhat f lexiMe (8 -XO) . 
Hiv-1 i- - laC1Vely . h br i 7, d v " nould not be discounted. 
Although this V^ll^l^ loops of receptor chimera, 
iterations m the or ientation of the CCRS Bt 

„ a y also indirectly affect _the^ ^ IB 

and hence its ability to i cc .chemolcine binding 

contrast to the gpl20-bindmg site. ^ ^ 

site on CCRS is ^ nt t _;;; £E b t ;ot exclusively. SCM> . 
extracellular loops <» ot - b ^' * beC „ een th e gpl20 and 

Thus, although there is so»e overt. P inhibition 
■cc-=h«*in. binding sites ... » » are nct 
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identical, a conclusion consistent with studies showing that 
signal transduction and co-receptor activity are separable 
functions of CCR5 (10,30,31) . 

A more detailed understanding of the interactive sites on 
CCR5 for gpl20 and the CC- chemokines (and on these molecules 
for CCR5) will be required to define how HIV-1 uses CCR5 for 
entry into its target cells and, perhaps, for the 
development of inhibitors of this process. It will also be 
important to determine whether the negatively charged 
residues that we have identified in the CCR5 Nt interact 
directly or indirectly with positively charged amino acids 
in gp!20, in the V3 loop and/or elsewhere. 

METHODS 

,. < r .f.rr.ion g =r>A snorter nene assay s, Mutated cDNAs were 
subcloned into the pcDNA3.1 (Stratagene) expression vector. 
U87MG-CD4 and SCL.1-CD4 cells were incubated with lipofectin 
{5/xg/ml) and pSVlacZ (S/ig/ml) . or mutant DNA .(4/ig/ml) + 
pSVlacZ (l/xg/ml) in OPTI-MEM (Gibco BRL) , for 5h at 37°C. 
The cells were infected 24h later with NLluc/Env 
-supernatant s, containing 200-500 ng/ml p24, for 2h at 37«>C. 
For CC-chemokine blocking of HIV-1 entry, 2/ig/ml of MlP-la. 
MIP-l/S or RANTES (R & D Systems) was added simultaneously 
with HIV-1 (50-100ng/ml P 24) , and maintained in the cultures 
for 12h. Cell samples were treated with 100 M 1 of lysis 
buffer (Promega) 72h after infection, and luciferase due) 
and /3-galactosidase activity (OD 420 ) were measured (1 , 2) . 
Standardized luciferase activity is defined as (luc c.p.s / 
ng/ml P 24 / (OD 420 * control OD 420 ) / (r.f .e. for mutant CCR5 
bands * r.f.e. for wild-type CCR5 bands) (see below). Luc 
cps values ranged from 5x10 s to 2x10 s for wild-type CCR5 . 



IlMSo bJ"t TITTse! in this study had a 

^ « l CCR5 3 .f 8 -terminal extension. 

Residue hemagglutinin (HA -ta • ce lls fro- a 

„ facilitate d «~""^ r e "suspended in 1* sodium 
,0mm tissue culture plate were r P ^ ^ 

dodecyl maltoside. 10mM Tris-HCX (P« . cinin , 

CaCl,. ..1- PH8T. ^"^ ? ;; n ' Th ' suspension was 
.. 7(ig /-X Pep-atin and »*_ superna tant fraction 

j Aor for 30 mxn ana ^ne t>u F 
incubated at 4 C tor „„,,,.- tion was determined using 

collected. Total protein (15 „ g) „ aB then 

the Bio-Kad DC .rotein /--^ on an 

fractionated, without J ^ transferred to 

SDS-polyacrylamide ^ and probe d for CCR5 with 

jmmobilon-P membranes . „ P dilutioni Berkeley 

rabbit anti-KA-ta 9 ■ ' ^ anti _ rabbit Ig0 

totib ody cc m pany> =nd 1 b 1 9 incubati on with 

dilution; Amersham) , £< " M ersham) . Relative 

chemifluorescent substrate "^f^^^ band8 . 
fluorescence emission > • ' ' i ae er-based scanner 

excited at 450n«. was reeled identical expression 

molecular Dynamos ; u ^. and p la sma- 

pattems were ° „ mt expIesB ion level, varied from 

membrane extracts. CCR5 mot a * . in . The relationship 
20% to !00* of the wild-type P«*«- „,.! entry 

bet „ ee n wild-type CCKS «^'^ ' „ a l.-foW ranoe 
efficiency was determined to be linear 
(data not shown) . 

„„,,. ap4 2DXJa=i-£2E_££E5JllEdijl3 

ComoeUU<mJ2£<^^^ 

HeL . a cells (2X1« —e -"^"^ vector , 3 . 7 s, g /ml, 
(10W /ml) and.thepCDMS CM expre « ^ (1 . 25 „ g/ml) in 

pluB wild-type or ™" n \ CCR * * d for 12 h with 2X10' 
0PTI -KEH. The cell* ^ n e ;; : sio n (1 ,. detached with 
p.f .», of VFT7 to «^ ' P binding buf£er (XV BSA. 

2mH EDTR/PBS. and washed once wl 



0 05% azide in DFBS) . Cells (1x10 s ) were incubated for lh at 
37o C with or without 10/xg/ml g P 120 (JR-FL) (7) before 
addition of PE-labeled 2D7 MAb(23,24) (20ng/ml) for 30 min 
It 4 o C . The cells were washed once with binding buffer and 
5 once with PBS, resuspended in 1% formaldehyde/PBS and 
analyzed by FACS to determine mean fluorescence intensity 
"m.f.i.). CD4 expression was monitored by staining with 
Leu3A, and varied by no more than ± 10% between samples. 
CCR5 mutant expression levels ranged from 20% to 100% of 
10 that of wild type CCR5. 
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Fourth Series of Experiments 

Fourtn ^ ro C r^- rm- Pells 

Pining of HlV-l.^ . n : 

^J^^— gpi.O to CCRS- CD4 cells 

H demonstrated. In this case, preincubation of the gp 
f h sCD4 or another CD4 -based molecule . « requrr* 
" sum Sy beca.se this results in a conf clonal chat 
In ^o that exposes a chemoMne receptor binding sit 
" e S illustrates the use of flow cytometry to meast 
Indirect binding of sCWspiSO ~mple«s » t»«nOO 
. T , , ce iis Background levels of bxnda 
Sparing murine LI. 2 cells. . » 

^observed with either biotinylated proton alone or 
gpl20 from the laboratory- adapted strarn « 
^ace of the HIV-W SP"0 n ° C ShOWn ' • 

= for drug screening purposes 

flexes to CCVC, cells is "^J^ 
fluorometric plate reader. One method re as follow. 

!, Mate out U.2-C05' cells ( approx. ' 



Place uuu xj-t • ** ~ 

Add inhibitor for X hour at room temperature 

3) «!sh and add biotinylated SCD4 (2 . S„g/ml> 
31 biotinylated HIV- W <^> ' ^ " 

for 2 hours at room temperature. 

4) wash and incubate with streptavidin-phycoeryth, 

s) waranfleasure the amount of bound gpXSO/sd* us, 
5> I fluorometric plate reader exciting at S30n. .. 
reading emission at 590nro. 

using this method, inhibition of binding of 

CCK5 by CC-chemo*ines <Fig. 9> and antibodies to CCRS t 

bloc* HIV-X infection <not shown, have been demonstrate. 
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Iii lLiHr .-^ ^ HTV.i P .nv ^ T-^ iated membrane fusion by 
ovtracellular d omains of CCR5_^ 

Synthetic peptides representing the four extracellular 
domains of human CCR5 were made by Quality Controlled 
Biochemicals (Hopkinton, MA) and tested for ability to 
inhibit membrane fusion mediated by the envelope 
glycoproteins of the LAI or JR-FL strains of HIV-1 using the 
resonance energy transfer (RET) assay described above. 
Specific inhibition of fusion mediated by the JR-FL envelope 
glycoprotein was seen using the ECL2 peptide but not other 
peptides. ECL2 inhibited fusion between HeLa-env^ cells 
and PM1 cells by 97% at 100 „g/ml, 65% at 33 M g/«1 ■ «id 15% 
at 11 /ig/ml (mean of two assays) . ECL2 gave no inhibition 
of fusion between HeLa-env^ and PMI cells or HeLa-env w and 
HeLa-CD4 cells. These results strongly suggest that CCR5 
ECL2 specifically inhibits fusion, most likely by blocking 
the interaction between HIV-W gpl2 0 . and CCR5 . No other 
peptides tested gave significant levels of specific 
inhibition of fusion. 

7 ^^Mnn C * vtv.i pnvP lop a - m Hi^ed membr.ne fusion by tfo 

The bicyclam JM3100. obtained from Dr. J. Moore (Aaron 
Diamond AIDS Research Center, NY) was tested for ability to 
inhibit membrane fusion mediated by the envelope 
gl ycoproteins of the LAI or JR-FL strains of HIV-1 using the 
resonance energy transfer (RET) assay described above. As 
illustrated in Fig. 10, this molecule specif really and 
potently inhibits fusion mediated by g P 120/gp41 from the 
l lv . lM strain, and not from the HIV-1 J h ^ 
data suggest that this molecule specifically inhibits HIV 
fusion by blocking the interaction between HIV-1^ gp.120 and 
CXCR4. 
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SEQUENCE LISTING 



GENERAL INFORMATION: 

(1) APPLICANTS: ^££ ic f T SjaL 

Litwin, Virginia M 
Maddon. Paul J 

Moore, John P inhibiting KIV- 

, T1 « B Of A Chemokine Receptor For Inni 
TITLE OF INVENTION: Uses Of A 
v infection 

NUMBER OF SEQUENCES: 30 

(iv) CORRESPONDENCE m 
UV) (A) ^5i SE ?i 8 5 A^ue of the Americas 
(B) STREET: 11 

rl CITY: New York 

g STATE: New York 

5) COUNTRY: U.S.A. 

<*) ZIP: 10036 

(B ) TELEFAX: 2" «* 
(3) INFORMATION FOR SEQ ID 

gj TOPOLOGY: linear 
MOLECULE TYPE: UNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID. NO: Is 3( 
CAAGGCTACT TCCCTGATTG gcagaactac acaccagg 

(2) INFORMATION FOR SEQ ID NO:2: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base paxrs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPB: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID N0:2: 
AGCAAGCCGA GTCCTGCGTC GAGAG 
<2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GGGACTTTCC GCTGGGGACT TTC 

(2) INFORMATION FOR SEQ ID NO : 4 : | 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
CCTGTTCGGG CGCCACTGCT AGAGATTTTC CAC 
(2) INFORMATION FOR SEQ ID NO : S : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQIDNO:5: 

Met Asp Tvr Gin Val Ser Ser Pro He Tyr Asp He Asn Tyr Tyr Tbr 
L Gl» Pro Cys Gin Lys He' Asn Val Lys Gin He Ala Ala Arg 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
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33 



(A) LENGTH: 15 amino acidB 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: lineax 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

Hie Tyr Ala Ala Ala Gin Trp Asp Phe Gly Asn Thr Met Cys Gin 
^ 5 1^ 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 amino acids 

(B) TYPE: amino acid 

(C> STRANDEDNESS : single 
(D) TOPOLOGY: lineax 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Arq Ser Gin Lys Gin Gly Leu His Tyr Thr Cys Ser Ser His Phe Pro 
1-5 10 15 

Tyr Ser Gin Tyr Gin Phe Trp Lys Asn Phe Gin Thr Leu Lys lie Val 
* 20 25 30 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: lineax 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 8: 

Gin Glu Phe Phe Gly Leu Asn Asn Cys Ser Ser Ser Asn Arg Leu Asp 
! 5 1° " 

Gin 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



AAGCTTGGAG AACCAGCGGT TACCATGGAG GGGATC 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECUIiE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

GTCTGAGTCT GAGTCAAGCT TGGAGAACCA 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(M) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CTCGAGCATC TGTGTTAGCT GGAGTGAAAA CTTGAAGACT C 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTCTGAGTCT GAGTCCTCGA GCATCTGTOT 



(2) INFORMATION FOR SEQ ID NO: 13: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
AAGCTTCAGA GAGAAGCCGG GATGGAAACT CC 



(2) INFORMATION FOR SEQ ID NO: 14: 



$ xSoLOGY: linear 
MOLECULE TYPE: DKA genomic) 

GTCTGRGTCT GAGTCAAGCT T CAG AGAGAA 
(2) INFORMATION FOR SHQ ID WIS, 

|g TOPOLOGY: linear 

„„ nr TYPE: DNA (genomic) 
MOLECULE TYP*. 

cxccwcra =T«<=«ccc »=««»« « 

? s&ss# aft. 

GTCTGAGTCT OCTCC^ OCI««=» 
, 2) jspO^TXOH TOR SBQ ID 

HOIK*. TVPB: W» ^ 
argcttcrgt «= 

,„ IB F0W«TlO» FOR SK> » »'"• 

«1 TYPE: nucleic *cxd 
• r ItrandednesS: single 
£ TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO-.18: 
GTCTGAGTCT GAGTCAAGCT TCAGTACATC 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CTCGAGCCTC GTTTTATAAA CCAGCCGAGA C 

(2) INFORMATION FOR SEQ ID NO : 2 0 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic aci(i 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
GTCTGAGTCT GAGTCCTCGA GCCTCGTTTT 
(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
AAGCTTCAGG GAGAAGTGAA ATGACAACC 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
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GTCTGAGTCT GAGTCAAGCT TCAGGGAGAA 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
CTCGAGCAGA CCTAAAACAC AATAGAGAGT TCC 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24 
GTCTGAGTCT GAGTCCTCGA GCAGACCTAA 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 baBe pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECUIiE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25 
AAGCTTCTGT AGAGTTAAAA AATGAACCCC ACGG 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26 
GTCTGAGTCT GAGTCAAGCT TCTGTAGAGT 
(2) INFORMATION FOR SEQ ID NO: 27: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECUIjE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

CTCGAGCCAT TTCATTTTTC TACAGGACAG CATC 

(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B> TYPE: nucleic acid 

<C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

GTCTGAGTCT GAGTCCTCGA GCCATTTCAT 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
GTCTGAGTCT GAGTCAAGCT TAACAAGATG GATTATCAA 
(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 baBe pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30 
GTCTGAGTCT GAGTCCTCGA GTCCGTGTCG CAAGCCCAC 



What is claimed is: 

1. A polypeptide having a sequence corresponding to the 
sequence of a portion of a chemokine receptor and 

5 capable of inhibiting the fusion of HIV-1 to CD4* cells 

and thus of inhibiting HIV-1 infection of the cells. 

2 . A polypeptide having a sequence corresponding to the 
sequence of a portion of the chemokine receptor, CCR5 

10 and capable of inhibiting the fusion of HIV-1 to CD4* 

cells and thus of inhibiting HIV-1 infection of the 
cells. 
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3. The polypeptide of claim 2 comprising amino acids 
having a sequence of at least one extracellular domain 
of CCR5 . 1 

4. The polypeptide of claim 3 wherein^ the extracellular 
domain is the second extracellular loop. 

5. A pharmaceutical composition comprising an amount of 
the polypeptide of claim 1 effective to inhibit the 
fusion of HIV-1 to CD4* cells and a pharmaceutical^ 
acceptable carrier. 

6. A polypeptide having a sequence corresponding to that 
of a portion of a HIV-1 envelope glycoprotein capable 
of specifically binding to the chemokine receptor CCR5. 

7. The polypeptide of claim 6, wherein the glycoprotein is 
gpl20. 



8. A pharmaceutical composition comprising an effective 
amount of the polypeptide of claim 6 effective to 
35 inhibit the fusion of HIV-1 to CD4* cells and a 
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pharmaceutical^ acceptable carrier. 

ration of an antibody capable of 
An antibody or a portion of 
binding to a chemokine receptor on a CD4 
inhibiting HIV-1 infection of the cell. 

A pharmaceutical composition comprising an 

P * i j_ o effective to inhibit Hxv ± 

the »" ib °VV« J^ and a pharmaceutic^ 
infection of CD4 «ub 

acceptable carrier. 

=« uiv-l infected subject which 

comprises administering Qr ? in an amount 

of any of claims 1, 2, 3, , . ^ 
effective to inhibit the fusion of HIV ^ _to 
of the subject and thus treat the subject. 

* ■ likelihood of a subject from 

A m ethod of reducing the likely ^ comprise s 

becoming infected by eptide of any of 

a aministering to th.au* ^ ^ ^ effgctive to 

claims 1, 2, 3, 4, . ^ Qf the 

infection. 

. u-v-^o HIV-1 infection of CD4* cells 

R Beth oa £ or -^; t ;;/ in HIV Eu 1 ch ^ cells with a »- 

„„ic h co.prx.as contact - 3 ^ ^ cherookine 

chemokine agent «P able unfler condit ion S such 

K T^-"-- 18 inhibited ' 

that fusion of Hiv x n ~n s 
. TTT ,r n infection of the ceiie. 
thereby inhibiting HIV-1 mfecti 

A of claim 13, therein the non-chemokine agent 
The method of claim xj , 
is an oligopeptide. 



The method of claim 13, wherein the non-chemokine agent 
is a polypeptide. 

The method of claim 13, wherein the non-chemokine agent 
is a nonpeptidyl agent. 

A non-chemokine agent capable of binding to the 
chemokine receptor CCR5 and inhibiting the fusion of 
HIV-1 to CD4* cells. 

A pharmaceutical composition comprising an amount of 
the non-chemokine agent capable of binding to the 
chemokine receptor CCR5 and inhibiting the fusion of 
HIV-1 t<-> CD A* cells effective to inhibit HIV-1 
infection of CD4* cells and aj pharmaceutical^ 
acceptable carrier. 

A molecule capable of binding to the chemokine receptor 
CCR5 and inhibiting fusion of HIV-1 to CD4~ cells 
comprising a non-chemokine agent linked to a ligand 
capable of binding to a cell surface receptor of the 
CD4* cells other than the chemokine receptor such that 
the binding of the non-chemokine agent to the chemokine 
receptor does not prevent the binding of the ligand to 
the other receptor. 

The molecule of claim 18, wherein the cell surface 
receptor is CD4 . 

The molecule of claim 18., wherein the ligand comprises 
an antibody or a portion of an antibody. 

A molecule capable of binding to the chemokine receptor 
CCR5 and inhibiting fusion of HIV-1 to CD4* cells 
comprising a non-chemokine agent linked to a compound 
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20 
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30 



35 



the in vivo half -life of the non- 
capable of increasing the an 

chemokine agent. 

n le „f claim 21. wherein the compound is 
The molecule of claim ^x, 

polyethylene glycol. 

pharmaceutically acceptable carrier. 

^ ■■•«„„ the likelihood of HIV-1 infection 
A method for reducing the iiKexx 

a subject comprising administering the 
Pharmaceutical composition of claim 19, 20, 
23 to the subject. 

, <nn htv-1 infection in a subject 
„. A method £ i;r te "n g Z pharmaceutical co^osition 
comprising administering * ai . ... t 

„ ,n -5T 22 or 23 to the subject, 
of claim 19, 20, 21, 22 or 

. W heth°r a non-chemokine agent 

A method for determining whether 
i. capable of inhibiting the fusion of HIV-1 to 
CCK5* cell which comprises: a£ter ^ ^ 

{a) - nt - tinS th th a e fi C r D s V dye , with a cell expressing 
labeled with a iirst uy<=, 

appropriate HIV-1 envelope glycoprotein on it. 
surface, and labeled with a second dye, in the 
„ esence of an excess of the agent under 
conaltLs permitting fusion of the CD.-, CCRS 
cell to the cell expressing the HIV-1 envelope 

. *«■«, ^rface in the absence of an 

gly coprotern on rts surf ace ^ ^ 

c^Ts the first and second dyes fceing 
selected so as to allow resonance energy transfer 
between the dyes; 



27 



10 



15 



25 



30 



29. 



30. 



20 31. 



(b) 



(c) 



35 



exposing the product of step (a) to conditions 
which would result in resonance energy transfer 
if fusion has occurred; and 

determining whether there is resonance energy 
transfer, the absence or reduction of transfer 
indicating that the agent is capable of 

ijtv-1 to CD4* and CCK5 
inhibiting fusion of HIV-1 to 

cells. 

28 The method of claim 27, wherein the agent is an 
oligopeptide, a polypeptide or a nonpeptidyl agent . 

, ^ x 1-^-5-7 wVierein the CD4* cell is a PM1 
The method of claim 27, serein 

cell. 

The method of claim 27, wherein the cell expressing the 
HIV-1 envelope glycoprotein is a HeLa cell expressing 
HIV-ljK.n, gpl20/gp41. 

A transgenic nonhuman animal which comprises an 
isolated DNA molecule encoding the chemokine receptor 
CCR5- 

32 The transgenic nonhuman animal of claim 31 further 
' comprising an isolated DNA molecule encoding a 

sufficient portion of the CD4 molecule to permit 
binding the HIV-1 envelope glycoprotein. 

33 A transgenic nonhuman animal which comprises an 
isolated DNA molecule encoding the chemokine receptor 
CCR5 and an isolated DNA molecule encoding fusm. 

34 The transgenic nonhuman animal of claim 33 further 

• • a „ isolated DNA molecule encoding a 
comprising an isolated u 

. . 4nn nf the CD4 molecule to permit 

sufficient portion of tne 



binding the HIV-1 envelope glycoprotein. 

« „d cell "hich comprises an isolated nucleic 

capability to bind to chemokines. 

, of claim 36, wherein the said chemokine 

The agent or claim j # 

receptor is CCR5 • 

u after the binding of the 

«» agent of claim 36. wherein after t 
agent to the said chemofcine recept^ r a t 
concentration of the chemoK.ne " " cheM tt„ 

~* vending observed it 
the degree of toinamg 

r eLptor had not been bound to the a 9 ent. 

, of claim 36, wherein after the binding of the 
The agent of claim ten fo id higher 

age nt to the said che^ine achieve the 

concentration of chemo^ne x. receptor 
■ degree of binding observed if t 
had not been bound to the agent. 

f claim 36, wherein the agent is an 
• lugopepUde" a t^ept.,! agent or a polvpepc.de. 

T he agent o £ clai. ... wherein the polypeptide is an 
' antibody or a portion of an anybody. 

, a pharmaceutical - 

- it tir 3 *- — - ' 

pharmaceutical^ acceptable carrier. 



A method for inhibiting HIV-1 infection of CD4* cells 
which comprises contacting such CD4* cells with an 
agent capable of inhibiting HIV-1 infection and capable 
of binding to a chemokine receptor without 
substantially affecting the said chemokine receptor's 
capability to bind to chemokines. 

A molecule capable of binding to the chemokine receptor 
CCR5 and inhibiting fusion of HIV-1 to CD4* cells 
comprising the agent of claim 36 linked to a compound 
capable of increasing the in vivo half- life of the non- 
chemokine agent. 

The molecule of claim 44, wherein the compound is 
polyethylene glycol. 

A pharmaceutical composition comprising an amount of 
the molecule of claim 44 or 45 effective to inhibit 
fusion of HIV-1 to CD4* cells and a pharmaceutical^ 
acceptable carrier. 

A method for reducing the likelihood of HIV-1 infection 
in a subject comprising administering the 
pharmaceutical composition of claim 42 or 46 to the 
subject. 

A method for treating HIV-1 infection in a subject 
comprising administering the pharmaceutical composition 
of claim 42 or 46 to the subject. 
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